Airborne antenna coverage requirements for the TCV B-737 aircraft by Southall, W. A., Jr. & White, W. F.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19780007382 2020-03-22T05:16:19+00:00Z
NASA Technical Memorandum 18647
A I RPORI' JE A JTEMA COVERAGE REQUIREMENTS
FOR THE TCV B-737 AIRCRAFT
(NASA-TM-7864 -1)	 AIREOENE AtTFNNA COV t:RAGE	 N78- 15325
REQUIREMFNIS FOR 'IVE TCV P- 111 AIRCRAFT
(NASA)	 36 p HC A031MY A01	 CSCL 20N
Unclas
G3, ,, 32
	
57784
b!ILLIAM A. SOHTHALL, JR,
MID
WILLIAM F, WHITE
C,
CVO	 VA`.	 ^^(J
r.^,
	
J
G:Jr
r
LIP
NASA s
National Aeronautics and
Space Administration "^
Langley Research Center
I Iamplon, Virgirna 23665
Technical Memorandum 78647 
 BOKIJE ANTENNA C  RE  I REMENTS 
  - I  
01' A T F 
C  7 .7 
F 0 1 
A CO 1~ 
II H'" 
4  
2  
BY 
W llIAM SOUT ll1 J . 
AN  
illIAM . W~J  
I\ I\ 
lt  I  r  liCS  
  A l l t  tl  
 t r 
Ha t , irginia  
u l 5 
. ,  1  
f 
AIRBORNE ANTENNA COVERAGE REQUIREMENTS FOR THE TCV B-737 AIRCRAFT
S urirl i ry
A study was conducted to de*.ermi ►re Lire airborne antenna line of sight
look angle requiremeni. for operation with a Microwave Landing System (MLS).
This •eport presents the required azimuth and ele vation line of sight look
angles from an antenna located on an aircraft to three ground based antenna
sites at the Wallops Flight Center (FPS-16 radar, MLS azimuth, and MLS
elevation) as the aircraft follows specific approach paths selected as
representative of MLS operations at the Denver, Colorado, terminal area.
These required azimuth and elevation look angles may be interpreted as basic
design requirements for , antennae of the TCV 6-737 airplane for MLS operations
along these selected approach paths.
Introduction
Two areas of investigation included in the Terminal Configured Vehicle
( T CV) program are Microwave Landing System (MLS) utilization and the Cockpit
Oispiny of Traf f ic Information (CDTI). The required facilities for these
tasks, both airborne and ground hased are located at Lanqlev Research Center
(LRC) and Wallops Flight Center (w). Landing guidance information will be
*ransmitted to the aircraft from either an MLS (when available at WFC) or
from a simulated MLS using the WFC FPS-16 Radar/Transponder Data System. For•
the COTT case, an S-band vAeo link has been implemented. The S-band transmit
antenna i5 mounted on the FPS-16 pedestal. This report presents the azimuth
and elevation look angles from the aircraft to the ground antenna sites for
four flight p rofiles. The four terminal area flight profiles considered
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MLS operation studies. The Denver terminal area is shown in figure 1 with the
four paths labeled profile 1, 2, 3, 4.
Description of Computer Program
A computer program was written in Basic for a Hewlett-Packard 2116
computer. See appendix A for tha program listing. The computer program input
parameters are:
1- distance between waypoints
2- aircraft heading, airspeed, and altitude at each waypoint
3- aircraft bank angle limit
4- turn radius
5- MLS coverage boundary
6- number of points to be investigated along each flight path segment
The program output parameters are:
1- x (runway center line), y (perpendicular to runway centerline) and
flat earth z (local vertical) coordinate values for n (number of)
aircraft pL,:itions along each flight path segment (refer to figure I)
2- azimuth (beta) and elevation (alpha) look angles from the aircraft
to either of three ground antenna sites for each x, y, z position
3- azimuth and elevation look angles from each ground antenna to aircraft
at each x, y, z position
4- glideslope required to achieve the next waypoint altitude
5- slant range between aircraft and each ground antenna site
6- transmission loss for each slant range of item 5
7- statement as to whether aircraft is or is not within MLS coverage zone
8- bank angle
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9- aircraft groundspeed
10- distance to go to touchdown along the flight path
11- aircraft heading
The program pe r forms any orie of three operations as per the setting of
three control words J4, J7, J8. Control word J4 sets the program for calcula-
tion and storage of the look angles to the MLS antenna sites and aircraft, x, y
position or calculation and storage of the look angles to the FPS-16 radar site.
Control word V determines whether the program will score the flight oath data
or the l ook angles to the MLS. Control word J8 determines whether the program
will print all data and store the look anqles or only store. For the FPS-16
radar case, the operator must input the x, y (J5, J6) location of the radar
relative to the touchdown point. For, the MLS case, the azimuth antenna is
sited 9,000 ft beyond the touchdown point on the runway centerline and the
elevation antenna is sited adjacent to the touchdown point, 300 ft to the right
of the runway centerline. The origir of the coordinate system is located at
the touchdown point which is on the runway centerline 1,000 ft beyond threshold.
Figure 2 gives the 4.FC runway and antenna geometry. Beginning at the outermost
waypoint the aircraft proceeds to the next waypoint in n steps. This process
continues from waypoint to waypoint until the first turn is reached. At this
time the aircraft stops, as:,umes the designated hank angle in n steps, then
continues around the turn in n steps. Upon completing the turn, the aircraft
again stops and returns to wings level in n steps continuing on in a like
manner to the touchdown point. The output parameters are computed at each of
the n steps of each segment of the path.
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Results
The results are presented in four data sets, one set for each of the four
approach profiles investigated. In each case, the active runway at WFC is 04
as shown in the first figure of each set. Table 1 gives the parameters of each
flight profile. The next three figures in each set are plots of the look
angles. Negative azimuth angles are to tl'le left of the aircraft longitudinal
axis and negative elevation angles are below the aircraft lateral axis. For
profile 1 (figure 3), the look angle to the MLS azimuth antenna (figure 3a)
varied from 30
 to -1670
 in azimuth and 25 0
 to -360 in elevation. The look
angle to the MLS El-1 antenna (figure 3b) varied from 90° to -165° in azimuth
and 240
 to -360
 in elevation. The look angle to the FPS-16 radar (figure 3c)
varied from -1° to -167° in azimuth and 24° to -37 0 in elevation. For profile
2 (figure 4) the look angle to the MLS azimuth antenna (figure 4--) varied from
140
 to -1670
 in azimuth and 24° to -31 0
 in elevation. The look angle to the
MLS El-1 antenna (figure 4b) varied from 17 0
 to -161 0 in azimuth and 24 0 to
-28° in elevation. The look angle to the FPS-16 radar (figure 4c) varied
from 170 to -1671
 in azimuth and 24 0 to -290
 in elevation. Profiles 3 and 4
(figures 5, a, b, c, and 6 a, b, c) are very similar with the azimuth angle
varying from -200
 to 160
0
 and the elevation angle varying from 25 0
 to -350 .
For the other WFC runways, the look angles to the MLS antenna are identical
to those of 04 and only slightly different for the FPS-16 radar.
Concluding Remarks
The antenna coverage requirements based on four specific flight profiles
have been determined. The antenna has been designed as per these requirements
and found, due to hardware location cc)nstraints, to have considerably less
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Table 1
Profile 1 Profile 2 Profile 3 Profile 4
H	 1 degrees 40 40 40 40
H 2 degrees 40 40 40 40
H 3 degrees 130 130 310 310
H 4 deqrees 22.0 220 220 220
H 5 degrees 133 182 263 309
S	 1 nm 5 5 5 5
S 2 nm 7 7 7 7
S 3 nm 2 2 4 4
S 4 nm 6.5 19.5 7 7
S 5 nm 25 14 26 19
S 6 nm 16 23 18 19.5
Altitude ft/groundspeed knots
at	 PT	 1 1750/130 1750/130 1750/130 1750/130
at PT 2 2750/160 2750/160 2750/160 2750/160
at PT 3 2750/160 2750/160 2750/160 2750/160
at PT 4 2750/180 2750/180 2750/180 2750/180
at PT 5 2750/180 2750/180 2750/180 2750/180
at PT 6 3750/200 6750/250 3750/200 3750/200
at PT 7 3750/200 675C/250 37501200 3750/200
at PT 8 7750/250 8750/250 6750/250 6750/250
at PT 9 12750/350 12750/350 12750/350 12750/350
H is aircraft heading in degrees
S is length of flight path segment in nautical miles
6
ORIGIhA1, PAGE I5
OF POOR QUALM
d 1~ 1 
 1 f; 1 e 2  e 3  e 4 
--- ---- -
  r s     
 2 r s     
 3 r s     
  gr s     
  r s     
       
      
3      
    5   
      
       
lt u f /groun  t  
t       
     1  
      
      
      
       
     !>0/   
      
   /    
 r  
 e h ig  e t i auti l i l s 
 
IGIN L E S 
F OR QUA.LlTY 
rrVrjGjr
i
N
 r F
; 4
E
^
:
A
o
.
o
Y
r^C
p
.^^
z
 e
 O i f
a
1
s
^
.`
U
iiIi
Igk=
T
-
-1
wcr'
L
L
-
d^Z
L
I v
•
`
j
M
	
j
t
	
`
t
	
7
_
	
\
	
a
	
+
X
C
	
Y
9
	
1
R
^
t
	
1
 
q1^
	
C
i/
	
s
^
i•
	
%
	
^
^
	
a
Lol
L
L
-
^
	
4
	
/
►J
1
	s
	
`
\
\
t
i
 
`
`
 
^y^;i i^ a
	
i
^
Q
'
x
li
W
KI
	
l
^
CL
L
L
J
^
	
^
	
W
\
 
b
	
JOc
^
n
_
O
R
IG
IN
A
L PA
G
E IS
O
F PO
O
R
 QUALITY
, . 
_150 lYONS 
12 000 lOP I 
PROFILE 2 
FIGU  
pqOFILE 4 
1ff'1 
O£H VOOI 
--
l S 
PRCFILF:: 1 
----- , 
tH rut 
MLS AZ
SEE NOTE
FPS-16 RADAR
Lk	 / .
0
5
TOUCHDOWN
MLS-EL-1
SEE NOTE
00
x
PT.
n
O'Q
.A-
NOTE:TYPICAL MLS
ANTENNA SITING
q~
ti
^,h
RUNWAY J5 J6
04 -16CO.09 -5291.91
22 1660.09 -1455.56
28 465.08 -937.2
10 -465.08 -4994.23
LOCAT I ON OF FPS-16 RADAR RELATIVE TO
TOUCHDOMN POINT
WALLOPS FLIGHT CENTER
FIGURE 2
..... 
c 
l \ 
  
 1 t;0.  
 .  
 .  
 4 .  
 
.  
1 .  
98 .  
4 .  
H   
 T  
~/ 
2 / 
2 
:T I  H  
---  I  I N  
IO    I  
V/iJ  I  
LLOPS CENT  
GlJ F  
T
A
W
 IU)
M
M
 
^
r'r1
N
^
v
	
v
^
r
y
 
I
 
N
^
 tSiI	
I
^1
L,Lr,
vs I x
	
N
^J
r"
"1
LL-1
CC
I ^:C1T
C
D
-xG
r
^
r
 
}
7
 
Tc~F 
-
-
C_
C
JI
	
'
^
"
 
r
	
J
 
]
 
-
i
N
Z
N1
-
ZOal:t^ Z2 WWA ZQ F-W Wt m1- W2 2
t
l
 Q
u
 H-
t
C
 
N
z
 n
N N
Z I'll
O
R
IG
IN
 A
I, PA
G
E- IS
O
F PO
O
R
 QUA"iT
~~ ~6 8 ~ ~> 
I:)r:-
c:::~ 
f:E1 ~~ 
b ) 
-.. 
Q 
cv 
I 
tn1 {'.J 
I 
.-, 
,r. 
I 
;: ~I .~ ~ 
I 
~ 01 -- ~I { 
'.:J ' 
Ln 
I 1 
TOUCHDOWN PT. 
60° Ml S COV ERAGE 
-6 /H r 
.) I I ::> 
I 
/ 
9 • 
S 1 
HI 
7. 
I 
I 
S5 I H5 
I 
---------
6 
'" L o ! ~ ! ~ I G 
[~ '1 
_' rl 
, INN] 
TO wc~ I \ I ' ~ I o 
S, 2 
-~3
- 53 , H3 
H2 
---'4 54 
.--.. - -
c; 1i4 
., 
H- IS AIRCRAFT MEADING 
5- IS DISTANCE BETWEEN WAYPOINTS 
'\. 
oqf)f:J U: 1 
1 I 
I c, 10 --'t-j -,~? ----I 
L
L
J
a.
O
 
^
 
V430
Lki
CT
-
 Cl
L
li
LLIi
C
CTcl:
r
-
-4
i
0 
_
 
N
 
•
•
 
N
 
0"\ 
,
 ;it to
 
/1\ \ I ~ ,.... 1 
l \ \ 
\0
 
... 
,
-
-
-
/ J 
-1
 
U
J 
-
'
 
-u... 
o
 
0:: 
Q
.. \ ) 
.. 
1
-
.
.tl 
OJ" 
.
-
1 
.
 
#) 0
: 
l.u 
0 
1 
.J 
I 
Cr: 0
: 
~-1..J ') 
I 
~
 
1
.\ 
1
-
_
I 
I,; 
I 
1 
.
.
.1-
LjJ 
4
_
 
.
-l 
C
I 
-
~..:. f.,-l 
C
l.1--
r, J W
 
In
 
"
 
_
I 
.. 
\ C1 
,
 
-
.
 
-
.
 
r 
leI Ii I 
~
 
r,
' 
_1 
-
-r.-r;-r
-
-
c ) 
0:'-\ 
1\ I 
I] ; J---O
-z;--+-I---1JC----i-\----+-
( 
•
 {J 3 0 I 
Ij ~-~ d 
-I : 
-
=
-ll:-H
 I H
 313 
v J 
<
! 
""" 
I...!.. I 
c
.# 
=> 
~
 
-L
L
 
CD
J
 
O
LLcc a
u
.s
w
 
f
Ga
 l^J
L
^
0m
N
^
r
u
,i
I JZ
 
^
c
r
 
^
-
-
^
^
 
_
—
j
imI
M
	
M
I
i
^
n
O
R
IG
13iA
L
 PA
G
E
 IS
O
F PO
O
R
 Q
U
ALITY
co
	
,
.
—
.
O
C
-
^1
c iN
H
 I-
I~ / 
I ( 
/ 
.
-
-
.
-
"
.
-
-
.
-
-
-
.
 
•
 
L
f\ 
0;,:1-1 -
-
O-I~1----(J-! I 
H
dltl I 
-
-
-
-
-
-
-
-
-
-
-
-
-
-" / 
/ ORIGINAL PAGE 18 
OF POOR QUAUTY 
II) 
.
 ' 
c,.''' 
I 
i ln I,"' ...
 
') 
-
' 
7J-~G-~--I---O~-~ 
,
 lJ 
313 
0
: 
'J 
•
 
Ld 
I 
c..:. 
-
-
-
' 
.
 MU
 
LJ 
~
 
W
(0 
.
 
C:": 
I 
-
-
'
 
:::>
 
~
,
 
LJ..l 
I 
-1 
~
 
-;U
 
c I
-
r
,J 
IT LLJ 
_
-1 
C~') 
z
: 
CI. 
N
	
r
-{
wJCa
1I ^-
0
c
-
_
 
S0
LOt,
C
J
 
^
^.1
i
^
L
D
I
	
LtJ
C1'1 Ifi
C
 I
-
 W
 ^
_
J
L
^
Z ^%
CI F----
ML:!C.,L^u.
^
^J
Iu, Q
^
miI
lr.L
LA
	
Or
a
( ' 0
1
0
 1
 U
H
 J^
U
 - T
IIO
O
N
H
 ]^-^
CD^^II
\ \
-
-
-
-
-
-
-
-
-
C
Jl 
0 
"
 
a: 
I-
I 
(.) 
lJ..J 
I'f"\ 
.
.::r 
en U'"":J 
L
.J 
I'J
 
CL 
c 
len 
I 
:=J 
I 
<..:: 
C""\ 
) 
r J 
/ 
w
lL
. 
-u.. 
.
 
.
.
.J 
d 
(0:-'\ 
Z
_
I 
e
rf--
"
'J 
"
 
.
 
/ 
\ \ 
/ 
0
:: LLJ 
If"J 
-1
 
n
-) 
.
.
 
I 
C-) 
I 
-
.
.
-
/ 
\ 
/
/
 
\0
 
-
-e/ 
0
: 
) 
'"
 
I 
.
-
"
 
\ 
~--I 
\ 
1.1'\ 
(-I 
LI'\ 
(.":"1 
(-) 
( :1 
osl 
00
1 
01 ! 
01 J 
ClZ-' 
O
SJ-
0 
-
-
.J 
O
r
'·
 
( 
·030 I 
tlH
r:Jltl 
-
::rl~J r ! tl 
313 
JLL-C'acl Nz0a
C
l z
z
 
WW
0
 
3
a
 
►
-
W
 
W
2
 
c
o
F
-
 
W
U-
z
o
c
 Q
U
 
H
I
r
 
N
4
 
0
N
 1
/^
1
	
i
S
.
"
 
N
^
•n
^In
zCL_
U
R
IG
IN
A
L
 PA
G
P. IS
O
F PO
O
R
 QUALITY
61
f
[A
N
 
1
M
M
 ZM
 
^
 
^
N
 
N
1-
•
	I
1.1L
 
Z
1
	
o
 
s
:
 
v
l
J
	
Z
 I /
W "'
U
J
	
^
1 WvQacW4Utn
llQL
JZOQa
n
S
y
 \
1rt6D^GLD1I
llzlt
O
y
^
n
 
v
v
L
.
c
:)
	
(_ )
c
,l
r
 
J
L
L
!
>
(,V
1
	
^
Nd
	
^
7L
'
c7C^u_t
r~ 
"'" 
:x. 
,.
 
•
 
M
 
.U'\ 
V
I t-o... 
0 
I 
0 
.
.J 
L/.J 
:r. .> 
:;) 
.
.0 
.
.
.
.
.
 1 
<
 
I 
I 
V
I 
V
I 
0... 
.
.
.J 
L4. 
~
 
~-.o 
•
 
,... 
ORIGINAL PAGE IS 
or POOR QUALITY 
-
-
-;si 
s-' 
L/.J 
>
 
0 U VI 
.
.
.J 
x: 
0 0 ..0 \ \, 
\ 
.
.1
_
_
 
I 
o
r-I 
5(
-
-
,
 
"
 
.
.9
n
 
s: 
'v
 
.y ( l..-l N
 1 
.(> 
C
'J 
U..I 
-
.J 
-L
L
 
c-o 
c. VI 
t-Z 0 a.. 
>-q: 
=
-
'-
' 
Z 
Z 
L/.J 
L/.J 
0 
=
-
q: 
t-
L/.J 
L/.J 
::I: 
CD 
t-
L/.J 
L4. 
U 
q: 
Z 
c:: 
q: 
u
 
t-
c:: 
V
I 
q: 
0 
V
I 
V
l 
I 
I 
_
.
 
V
I 
,
-
I. e,", I 
If.) 
('oj 1 
I I~ If) ,'f) , 
L
:_
 
-
.
 
L
---
'
 
,
 
,
 
~
 o
 
-
-
... 
I" 
,
 
.
.
.
 
L) 
LL ," 
-G 
( CJ 
-
-r 
L.,:I 
... 
=
>
 
,
 
-
-
-
.
 
lJ
_
 
J. 
c
v
	
1
	
-
-t
JLL
-
GQ'
O
Ln
c
-n
WCDwCW
r
+
r
n
 
I
 
^
 
a
: Zl-
L
ij '^ u-
ZQ
^)Ifl) dH
l^
^
d
 -- ^
^
r
n
N
... .::.--
0 
('11 
-
C) 
"I 
c.!) wol 0---
:rc~ LLa 
--.J 
IT 
C) 
...... 
W I 
--.J 
c.!) 
Z 
ITo 
N 
Wi 
--.J 
W 
0 
en 
I 
C) 
.;;f 
5( 
t 3~~ 
~ 6 
~I 9 
ft 2_ \8 
2 • 
--------------- ~ 
6 PROFILE 2 
4 -nnr . . I -135 I -90 I -45 I 0 1 
RZ RNGLE - BETR t EG . ) 
LOOK RNGLE TO MLS RZ ANT· RHY 04 
FIGURE 4A 
-
}
•
r
.
	
C
V
	
^►
\ V
J
.
.J
W
r
`
LL
O
N
	
a
	
^
.
v
 
^
-LL1
Q LL.l
'
	
~
c
r
I
L.iJ
TJ
fl
	^
	
J
I
	
' z c7j
1
	
I Q
 ^--
r.,;a L
^J.
r-^
O
R
IG
IN
A
L PA
G
E IS
	
.
 ^
.
O
F PO
O
R QUAALI'I'Y
1
	
^
\
	
r
 
r
	
in
.
	
ul
Q
 
C
—
D
GCS
t
-
-
-
-
-
-
^
-
 
-
-
0
^ {
 
-
 
-
-
-
 
-
{
-
	
-
	
-
-
-1
O
f
i
 
 
	
0
c
_
`'
	
C,
ti
,.. .. / 
\ \ 
N
 
LLJ 
-J
 
-u
.. 
c
. 
c
r 
~
 
/ 
ORIGINAL PAGE 18 
OF POOR QUA.L1TY 
\ 
\ 
I 
-
-
-
-
-
-
.
-
-
-
-
OEI--~::+I-·-
1 
_
 
02 
0
1 
-
(II 
I 
( 
.
 
.n
-
01-
0-I 
~~O) ~Hdl~ 
0 
-
3l8N
rj 
3
lJ 
1 
,
-
0:::' o· 
~.-
G
_
 
le 
0
' l 
f-W 
ct< 
.:. 
C'"J U J 
o
 
L
'I 
r;n 
I 
-
.J 
'-
.
.
 
( 
"
 
I 
_;;:J 
-r' jL
: 
L 
I~ 
z
O
 
0:1--
op- I 
I a 
U
) 
l-LJ 
~ 
-
.
.J 
I 
C:r 
? IT
 
Ov
^
1-
riLLJJ
Q
I
C
z
T
O
vi
l_ L_
-
 
C
7
W
i
~w
I
	
u
U7
rn
	
I
Ll.1
W
L{..
1
C
D
CI1-i
C
E
'
1
tom
^
`
^
I
^
V
 
G
	
'
J
 
Y
C►
 P;
N
 W 
-
I 
0 
-L
L
 
0 cr 
0
-
>
-
0 
~
 
n::: 
n::: 
IT
 
0 
U
) 
oq-
.
-
.
 IT
 
I 
_
 
T dO
::: 
w
 
0 -C
D
 
I 
/ 
\ 
a
:
~
 
l-
I 
u
 
W
 
.::r 
c
nC
f) 
U
J 
0 
IL
L
 
c
.
·
 
en 
=:::> 
I 
t.!:) 
W
LL 
-
.
.
 
L
L
 
-
-
.J 
~O 
e
rr-
N
 
I~ a:W
 I 
-
-
'
 
-
-
-
'
 
/ 
I 
CJ 
z
: 
IT
 
~
 
0 
0 
C
J 
1.0 
LI\ 
-
-
'
 
I 
-
-
.J 
017
-
02
1 
0
1
1 
0
1 
01-' 
06-
OE:-
(-D
30) 
~Hdl~ 
-
3l8N~ 
3
lJ 
WL7'Qt^WOurnJ
00%0
\
Y
MlJ
.
p
	
L
1
_
,^
	
N
 L
n
	
C
:)
0—
O
R
IG
IN
A
L
 PA
G
E
 U
;
	
=
 N
U
r' ?()O
R
 (aUALI Y
v
^
 
•
(
14N
 i A
i
hOdQ3
z
 
4
1W
0
 
3
<
 
►
-
W
 
W
=
 
m
h w
U
-
 
J
QL
L
" ^
Z
U
 
f
-
tl' t n
<
 
n
^
 
r
 
M
^
	
V
f
	
N
O
I
N
 
N
N
 
=
z
 
^
r
.
t/1
 ^
 
=
 O
•
^
' J
t
S
N
1
^
,^
	
O
J
 W
lJ
^
'
—77
u
n
_
s
.
U_
—
y
^
J
h
1
lllj
^
-
-
i_
o
!
L
1
f^^
-
1
1
/ 
en
-
,
 ~./ 
/ 
,/~ 
,
 ORIGINAL PAGE IS 
OF POOR QUALITY 
J 
o
 
'L
 
l.I. 
>
 
o
 
u
 
-
l 
X 
o
 o 
.
.0 c..:J 
.z
 
0 « 
l&.J 
:r
 
I-L1. 
<t 
0:: 
U 
0:: 
0 c.. 
>-<t 
~
 
Z L11 
IJ... 
~
 
~. 
W
 
CO 
w
 
W
 
o
 
•
 
.
.
 
":x: 
~-,I') 
I 
I 
:x: 
In
 
\ 
.::r 
:c
 
(
4 
-1""1 
V
l I 
_
.I 
I 
1""1 
•
 
N
 
~IN f l-I c.. I 
r
-
g 
I' 
-1 
I 
;r; 
I 
W
 
I 
-
-
:::> 
I 
V
I 
x: 
0 
I 
l-
I 
/ 
"
 
r-
Io 
I "/l 
oJ 
N
 
<t 
I 
V
l 
1 
0_ 
-
l 
U
. 
~
 
~' I I r- .~ • -1 I I I • L() _..4 
.
.
.
 ~
 
I I;: 
J/:-
~
 
.
 
L 
_
_
_
_
_
_
_
_
_
 L 
_
_
_
 1
_
_
_
_
 
-
-
-
-:..,.:1 L
----O
--tll'----
.
"
-IL
_
-1
J
f--s
.
 L 
Sf 
~
 
Sll 
O
~
·
.r-
~ 
[ ,
.
 ,\ 1 
.
 
.
.\ 
,., 
_
.
 
Q
" 
Lf"I 
I
.L..I 
c..' 
A 
.
-J 
.
 
Ll_ 
U
_ 
-
,
.
.
 
.: 
r
-
.~ 
,
 
t , 
l-
-
I C) l_ 
I ~) 
cr~ 
CL 
Q
-
(T
 
•
 
.
.
.
.l-
LA
.
o1t
-
-
i
I
n
 
CD
r
n
3
0
I
WC
D
Q 2
Wm l T1
L
n
 
i
^
r
-
 
-
 WJz
 C
Q
 ^----
h-J
Q
Wl^J
U
S
 
C
D
I
0v-
aLnL_J
L'-
WIN
^
--
	
+
-
-
 C
 --U
-I+
 
'
 el'] )
N1W
LLo_
m.^
 ♦
-''N
O
 
•
-
-
 
N
0'
	
01
-1
	
n
-1
	
c
c
-
\ 
.
 
1""1 
,
 \ \ 
a
-
-
4
-
-
-
-
-
-
-
-
-
e 
\ 
~
 
,
 
~ 
'\.... 
co 
,
 
",. 
"'" 
W
 
-
l 
-u
.. 
o
 
a:::: 
0
.. 
-
-('-t(;1 
(.111 
01 
Gl
-
' 
O?:-' 
(
"8
30
1 ~ 
dl~ 
-
3l8N~ 
313 
O
M
	
^
 
M
t
t
-
-
f
 
r
,
r.
C)
r
n
a
C
a
 --
(7)
	
a
-
-
-jt 	J
W
L
N
i
	
CID
(J^;
U-3
c
-
_
	
-
^
-
	
L
it
^
_
	
^
.^
^
L
^
;1
f
N
.1
CT
-
r
J
r
^
a
MJLL-C)C-
O
R
IG
IIJA
L
 P
A
G
E
 I S
	^
^
	
k
O
F
 P
O
O
R
 Q
U
A
LnT
u
,
\ 
"'" ~-\ 
~_\ 
.
.:T 
\ \ \ '\ 
_
_
_
_
 
.IJ'\ 
.. 
0 T 1'"\ 
t r 
"
-
r-
~
-
-
I I 
.
.:T 
\. 
\ I 
,
 \ 
I 
\ 
! 
,
 
/'1"'1 
\ ,
 "
 
.t, 
lJ.J 
-
l 
-
-
.
 
L
L
 
"
 \ 
N
 
a
 
0::: 
C
L 
ORIGINAL 
'AG
 •
•
 
OF POOR QuAInt 
~-----::C-l~ +-1 -
-
-00-
-
-
7
.0 :-+1
-
-
-1
 
I 
o
 
U 1
·
-
I 
C~-I 
I 
(1
,;-1 
-
-
.
.
.
.
 
( 
•
 {
lIn
 J 
LlH'-.
 
.J'l" 
I 
U
"], 
v
 
-
.:J 18N
Ij 
313 
l-
j-
r~ 
lO
 
,,'
-
,f") 
~-, 
~ 
.L 
Ct: " 
I 
/' 
'
-
\ 
J 
c 
~' t..!.) 
,
-
1 
I 
I 
J 
I 
'J
 
,..., .
 
l-LL' 
(1,) 
If) 
I 
.
 
W
 
-
'
 
(f-
,:. 
cr 
f'!.J 
(1. 
r.:
,
 
l~ , 
0:' 
-I 
.J 
(f) 
_
_
 
I 
/
~
 
U 
I 
-
LLJ , 
_
.J
 
r 
I
-
\.-
,t .
•
 '
"
 -
I. 
"
 
f
_
"
 I 
r-l 
"
-
-
'
 I 
-
~
 
J I ' J 
C
' 
_
J
 
'-
'7: 
,
 
I 
I.~ 
L
A
	
-
-
I
t
I
C
D
.
i
 
Q
rn
	
f2:f.
ll!
O
I
Q ^ 
U
L1.J
	
u
 1
n
 
o
Ln
Lli
C
ID
 E--
^WC^27
._
	
C
S
YlT1^r
n
ol
	
0
1
-
1
	
C7
U
'\ 
U
'\ 
I.J) 
If") 
0::: 
0:::: 
\, 
IT
.
 
0 IT 
0 
..-
-
-
et:::: .
 
(J) 
.
 
,. 'J 
\ 
W
"D
 
,.... 
0
' ..
 
"" 
\ 
"
"
 
i 
.
.
.
.
.
.
.
.
 
\ 
.
.::r 
a: 
f-U
J 
u
 
~
 
W
 
W
 
O'JCL. 
O
~
 
LL 
::,:I 
I 
t!:1 
l./"'J 
"
:r 
L
L
 
,
 
~O 
\\ 
"'" 
c.~ f 
z
-
L..l.J 
0.: 
-
'
 
\ 
-L
L
 
a
 
W
 
c
r 
0
-
0... 
-
-
.J 
,~
 
!\ 
~
~
 
L
..; 
~
 
c 
.7 
IT
 
r~ 
~
 
/ 
'y
/' 
•
 
0 
-0 l 
.r 
-
-
.J 
I 
o
 T J 
(10- 1 
uS
-I 
01' 
-
IJ I 
0
1 
h
i 
IJ 2 I 
3l8~P 
::ll3 
H
H
dltJ 
-
u':-
(·~130 I 
M
^
=
M
N
tt
GV
•
r
NrzOard
^
^
z
z
W
-
W
C7,
Z
a
►
-
w=
mW
LL.
u
<
z
K
r
L
u
►
-
CL
N
Q
D
V
1
Ni
	
<
>
^
D
LrN
LLn
N
z_lr l
L.1V
C
,
i^
o
	
T
C
D
	
L\Ra\
U
	
^
._L
^
	
aN
	
i
J
1
7
K
-
^
-
_
_
 -
 -}--- ---,^ } --
	
-
-
-
 1
	
i
IV
O
R
 G
IN
A
L PA
G
E IS
O
F
 P
O
O
R
 W
A
L
M
'
v
-t'
U .'
JLL.caQWQW
T
 '?
N
 I=
7-
	
N
 N
	
1
 
^
 
!
^
	
N
	
_
	
I
	
'
	
_
ICQ
I
	
N
I
	.
H0.
	
z
	
^
,I
f
 
I 3
u
 
^
 
o
W
 o
V)
	
u
r
	
i
	
O
	
O
	
1 Na
·
-
CTI 
Jt. 
(.!l 
Z 
0 <t 
~JJ 
::t: 
I-Lo.. 
«
'( 
a:: 
u
 
e::: 
c
:( 
'"
 I 
:I: 
'"
 
to-Z 
0 0.. 
>-ct 
~
 
z 
LU
 
LU
 
:a 
I-L'J 
CO 
LU
 
U Z 
<
:( 
l-'" 
0 '" 
I 
'"
 
LJ
' 
-
-J 
-U C-o 
0
. 
I 
-J 
W
 
\ I 
NI~ 
'
"
 
"I: 
I j I I • 
.
.
.
.
 
-
'
"
 
:t.. 
N
 
c
:( 
V
') 
-J
 
z 
I-0.. 
Z 
T -
r.-
I I I 
"
,
 -
t 
;
'
 
I 
"
 
I,n 
0:-
~
 ( 
-
.
 u
 
-
r 
C~I 
,
 
I .
-
C1 
Ct: 
C. 
Ie; 
L1 
.
.
-
I I 
I 
-
r
-
I I Ir:-II 
-
.
.l-
n
 
s-
/
-
-
f
-
I 
I 
t-
I 
:.. 
'1'-
-
-
-
-
-
-
-
=
:
 
-
-
-
,
-
-
-
-
-
-
;-
-
-
_1 r 
~ 
,..;, 
-
r; 
.
.
.
 
sri 
C 1 
lJ I 
( [
.j 
'. 
'I 
A 
ORIGINAL PAGE IS 
OF POOR QUALIft 
1..-
l 
' 
'
-
-
'
 
(.r 
~
.
 
L·.~ 
.
n
LLi
_
t
U
-
C
L('A
C;L0
f-
W
^
I
(1^
_
CD
L) J
Lp
I
.
4
7
L
i
^
-
.Js
—
`E
wwc
n
2_CL
M
M
5
51
-
.S
r
`
r
Go
a N
O '- N
1^7
7
	
^
^
_
 •
t
J'.
	
v
 r
U
"\ 
a 
/ 
! / ( I 
\ \ 
.
-
_
_
_
_
 1 
OC: 
.) \ 
( 
.
 q::i1J 1 
U
"\ 
:::r 
W
I 
-
l 
-L.L 
V
'l 
C 
.
.
.
.
.
.
 
0 
-
-
0 
-
.D
 
"
 c
"
 
Q~ • 
\ \ ) 
~ I \ 
-
,
 
.
-
-
(j. 0
1 
11.J 
L
J
 r
r
 
l.-
'
.
.
-l-
W
 
tY.J u-=r 
Iln
 
1 ~
 
.
 r 
w
~
 
-
.l 
( 
,
 
-
-
-
-
-
-
/ 
-
-
-
-
-
-
.
 
(~ 1---1 
e
e
_
 
"
 ,
 
.
.
 ,
 
o
 
-
'
"
 
,.... 
•
•
 
N
 
0
\
-1 
GZ_I 
JS
-
~lfJiHj 
313 
,
-
i
"'l J 
O:w 
_
J 
l~ 
c.:-; 
,
/
 
r. 
'
,/ 
1
1) 
l 
_
_
_
_
 
~
 
G
 (
.
-
ex: 
U
" 
1-'1 
C ::.:.> 
~
 
"
"
-
L
L
 
u
.
U.
C.
I
O
C
L
C-1
c
r
L
L
J
Lli
C
U's
LLJ
M
a4l 
C
O
•
	
C
N
O
R
IG
IN
A
L
 PA
G
E
 IS
O
F P
O
O
R
 Q
U
A
LM
H
 H
.
.
 
I 
I ( 
U
"\ 
•
 
/ 
\ \ 
"
"\ 
-
-
-
-
-
'\ 
\\ 
\ 
-
-C\ _
_
_
_
 -
-
-
-
,
 
.
.
.
 
\ 
.:r 
\ 
ORIGINAL PAGE IS 
OF POOR QUALrlY 
,
 \ \ 
"
 
\ 
\ 
\ 
,
 
,
 
-
-
-
.
 
-
-
-
-
-
-
~
 
0 '
"" 
\ f 
\ \ 
,
 
1 
•
 
.
 
l
.:r 
\ I I 
/ 
I, 
I 
\ 
/ , I , 
I 
.
-
.
.
 
I 
.
-'-
I 
I 
-
-
-
.
.
 
,
 
/ 
I 
,
 
\ / 
-
-
-
.
.
.
 
•
 
.
.
.
.
.
.
 
1\/ '.
 
cntl[: 
' •
 
•
•
 
N
 
N
 
f) ~.I 
I~ : i 
en 
-
c 1-
-
-
-r:1:+-
-
-
L ~: 
-
-t 
-
-
I
]
 E
-+
---
( 
.
 ~J] (l J 
l' I-k~ l rl 
3
l r' 1,1 tl 
313 
1\ / , 
I I I~ 
I 
o
 " ..
 
a 
I
-
I cr 
()) 
.
 
LtJ 
I 
C) -
-1
 
c.r 
1.. 
J.-
l 
I 
t 1.1 
C"-': 
tn
 C
I) 
=> 
t \ 
,
t
)
 
l 
.
 
.
-
-
-
1..J 
~
-
.J 
LA
'
	
M
	
Mi
1
	
_
	
^
QO
C'L1)
t
 
uLrj
vLLCGG-
1I
	
^
.
o
qct
m
r
4
 
r
Jill
T
r
i
w
 
'
10—
w
 i l
JZ
 (_
 J
Q.
I'vj
Q
 
L
L
1
I
lr^
^
^
 
L
UO-r-
L J
GY.
u
-
r
t
co ^
m
I
r
y
r 1
r O
A
n
-
-
-
-
-
-
 C
—
.-1.—
^._- ^^ . ^--
	
•
–f^j ;
	
-
-
 ^
,-^
	
_
	
-
`
 i
	
-
^
^
	
- r
.
_l
•
 
/ / J I I \ \ \ \ 
LI\ 
/ 
/ I ~ 
-
-
-
-
-
LI\ 
~ \ f""'I 
-
-
-
-
-
-
-
! 
\ 
\ 
\ 
.
_
-
-
-
-
:
-
\ 
\ 
~
 
LJ
I 
-
-1 
-U
.
 
C
-
C 
C 
'
-
-
-
---~j--
~J1-:-1--F~.-
P
I--
~_~.J.....I----r-~-I ·
-
-
·
-C
r
' 
L 
"
'
 I I~ /1 cl~ 
'=
 C' 
•
 ~. 
(
.
 
_] 
-3 n
 1 
Ij I-j 
l 
-j 
-
.
.:J 
,_
 
_
.
 
"
.
 
Cr~ 
eL 
C
l 
II 
-
I
 
I 
J 
•
 0""" 
-
(~ 
-
III 
o
 --' le
i 
4a
.
LL
uJw
CG
•
+
J
U-
 
•
l9
.
^
2a
s
a
o
z
^
o
ct
J
K
_
^
.
+
t
Y
i
=
w
za
o
z
v
O
R
IG
N
A
L
 PA
G
E
 IB
a
.
=
O
F
 P
O
O
R
 Q
U
A
L
M
^
^
W
Ck-
rL
G
4.
N
a
►
-
^
n
s
_
M
J
CY
m
 
•
r
D
t
'
J
 
^
'
O
	
v
c
	
©
	
r
J
	
O
	
rW
.
z F-
x
ti
	
n)
	
L
,`
CJ
W
 a
 'D
CJ
	
•
 (.l
G
 r -N
 N
 M
 
I 'llV
 N
•
	
M
rJ
	
1:
	
•
h;
	
N
	
.N
V
In
N
w
-  
-
n
 
^
iW
C
1
0
-
-
•
	
M
M
	
'1`
	
L
o
 "o
 r, 0
3
	
r
^
N
'1
 f-, ID
 ^
?
^
0
1
.,
Q
	
'
-I
C
D
	
•
-
	
M
 i .J
	
n
	
,
	
n
	
r
• i r 1
	
u
	
u
n
	
•
 ^
	
q
 to
1
.0' 	
-
	
N
v
,
 
n
 V
n
 
r
_
 
u
j N
 Q
-,—
 >
 —
 >
 .- >
 —
 >
 —
 
•
•
r
 , . .
_
N
	
u
 
n
 
-1
	
7
	
n
 L
o
4
-
2
'
7
 
x
N
toU
-ior_
F ►
-
V
H
F
- 
=
 x
 ^
^
 z
-
 -
-J
^F-^
•A
 
•
s
 a
•I..
	
a
0:4
	
la
a
A
^
Ia
=
A
z
	
z
	
-
z
S
A
a
A
a
Q
a
 
,m
i<x¢r-
•Ii-a
x
	
-
 a
►
-
•I
►
-a
F
-Q
►
-
•
=
►
-
•
x
i-2
^
LL
a
. r-
	
t-F
-
dQ
F
-
 
a
F
-
-
 Q
F- a
U
)
a
 W
QW
<XVJ
a
 Ili 
.L
 W
 IT
 W
Q
IV
d W
•IW
 .-
Q
. 2
L
L
. (Y . 	
W
 W
 L'J
	
W
 W
W
 rY
 ` W
 cZ
 W
 -1 U
J 
•I
 lL1 -I
q, Z
. M
 A
 C
L
 r, O
l i=
, A
 C
r A
 :J^ A
	
1
J- .a C
C
C
L '-"-'
ll.
	
J
 J
 -i
	
J
 J
J C
L —
 QC
	
$=I CL. L.+ LY; r'a ^ A
A
N
 V
 'D
 N
 C
O
 ©
	
f•J V
 'D
 ©
 --- nl V
 'D
 0 N
 I
'D
 a, ©
 N
 
`7
 4D
 00 tD
	
''1 1'1 7 U
l 'D
r- r^ P_ O
l C
r
'
 a
l 
-+
 r
•J M
 7
.
.
.
.
 
-
.
.
.
.
.
 N
 rl N
 N
 N
 r
r
.
 
vi
 r
r
,
 r•1 rn C
G
 ro
 
c
o
 c
o
 rD
 J
i 0
1
 
,T
 V
1 cr,
	
_
.
.
-
,
 
.
 
—
 
—
 
—
 
.
.
-
.
.
.
 
—
 C
J
 tV
 n
J
 n
J
 n
^
~q" 
12 PPlIlT -J ': ~fI FOR a..s OR T(I 
l~ HIPUT_, 
!6 F j4'''J THEH 28 
17 FR: ttT a ItlPUTJS .JS AS PE 
18 itl?UT 35.]6 
20 [l j 1"1 Ai:::2] 
21 iiHTA=:E 
22 LET L':=l 
24 LET i:' "'il 
?6 L~T U4" 1 
30 ItHl 1[32J 
31 rl"iT! :ZEo 
'32 LET L5=2_ 
L::T t5~(' 
LET ItS = 1 
hPPENn~x A 
'1_ 
3 ... 
36 
8  F2itH -J7 : 8 TO PLOT PA ..... ;.; : 111-.] !=O:: LOu;';' ANGLES- ; 
.':\ 
'8 
86 
88 
':'0 
92 
~ 
96 
.::' IJ 
108 
I ill 
1';,-· _L' 
1.~i3 
!4J 
lSJ 
!61J 
70 
17.2 
.. ~"t 
180 
90 
ZOO 
2!B 
220 
23il 
240 
;50 
: ~~ 
... .,.0 
lNPU 
READ Hl . H} . H~ 
lIA.  
REA~~ HS 
i!~TA 26-: 
REMD Sl 
I,ATA 5 
F.EAD 52 
/" 
DATA 26 5Ji R::AI, SS 
rlAT rl !-3 a 
REIiD VCl . 2C I~ ilf.lT,  l:t:;1 . f) 
REA[l Vl . £:1 C"" 
iHA 1::;0 . ir5£'; S~ 
READ V2.;::2 ~! £rA"A I he. 2;50 ::.Hl' \/3 . 2:-tlATH 150 . 2("5ll 
II''). :?5 
-c;. 
"': -r l 
-16- ; 
l
„
L11
 x
J
 
M
-
0
 
S
z
d
-
0 Z: 
J S
a
.
,
6
6
 c
,
v
	
v
o
,-.
w
W
 
W
-
is
J
1
w
 
^
:
5
+
IT
J
 o
z
 
1^
•
•
 Z
	
Z
l0
Cc
C
W
S
W
("^'
In
F
- O
?4
	
ID
rn
	
In
Z
 J
M
	
-+
 •+
M
 L
rI :D
 1.0
In
-
'
 
a.
r.
V1
	
fY
	
O
e
 (X 2
4
 
'
C
a
 
V
N0
ri ckU
W
.
.
	
.
.
	
.
,
 
.
-
>
	
>
	
>
_
 ^
^
dt
c
n
 
-
 
J)
	
O
 
G
O
 rJ
 I
O
 IL
et
	
-
W
 0
	
0 D
 N
 U
,
^
=
	
—
 r^
 05
U
-)f Li
r1
1--
.
.
	
2
	
Z
	
"
'
 O
Lil
l
	
V
 
	V
 Z
O
N
	
:3
	
9
	
l7 
•T
	
W
m
U
»1D
L
.7 Z
t^
	
r l ^ i n
0 1D r?1 - a
Lfi
o
f
N
Cn
	
if
	I
n
	
L
n
 U1
	
•f
	
Ln 1
J'I ..
+
	
'^
	
+
	
+
a
 111 Ul to 
I
n
 I V UJ
I J
	
•
 rJ
	
•
	
•
 
`J
I
ll 1^
1
	
Z
 T
 
1
+
-
-
L
l
	
r l)_
	
'l
	
1 Z
	
1D -+
1
	
1
+
	
I
+
 2
 Z
..
©
(^ N "1
	
!`-
00
	
hh--
•
 0
	
•
 ©
'
-I f.
'
n
 Z
 C
O
	
.
 
I n
 V
. ID
N
	
ry
	
k
n
 In
l m
u
	
'•
.. Vl :
	
}••
	
'
-
 It) f ..
	
.
.
	i- W
O
 U
J .w
	
-
	
.
 
^,-
0
 Ill 4
7
1
 Ill
	
a
	
•
	
aD
.
	
n
	
•
n
1
^
	
p
	
II
N
	
p
	
M
	
M
	
N
	
N
	
N
	
p
	
N
	
N
 S
 tr) A
	
N
 v
c
o
 I
n
	
N
	
N
	
N
	
I,
0
 
c
o
N
>
 rlv
^
	
I'D
	
-
-
x
O
1
- r- 1
-
	
X
r
^
 ^V
	
M
4
 7
	
y
l!$
1D
 p
	
t;
r^
to
ID
:r
-
 X
	
-
X
 
r
	
^C r
 
X
	
W
 aCl r
.
	
W
n
	
1
p
7
m
^
, 
Imo'
A
•=
u
 
•I
	
,
 I1:1
•IA
• S
2 Z Z)C
1S
=1
	
CI
W
 ,. }^ .
	
r
 i- 0
0
	
F-
1_I
	
J
:
S
H
S
H
 
•If-2
l- X
F
-
2
2
1
-F
-H
H
I-
F-
J
-•
J<
1W
S
U
I IW
•IW
•IC
L
rL
Z
W
IW
W
W
W
W
W
W
W
W
 W
 W
 W
 W
U
W
W
IL
O
W
W
W
LiW
LL Li- SC
t
G
tY
A
au
 O
lt aL
Y
.A
r1Q
—
C
tA
J
J
J
J
.
J
J
J
J
_
I
J
J
J
J
I'J
J
•
-
•
0
J
J
J
-j
 
-
i
 
—
 
-
 
'tJ
C
L
0
0
0
0
0
 n
O
ID
O
1
: It
 0
ID
0
 0
 C
 0
0
0
1
"
1
 C
D
 a)
I^
C
.I^
^
 em
9U
)
p
t
-
 0
n
0
r
'?
O
^
 a) 
^
N
111
t
.
1
'1
 In
 ^
i Ifl ID
 t _
 17
0
 T
r
	
C,1 1n O
	
C'1 M
	
Ili 1
.D
 f _ 00 IT O
 
^
 1 '1
 C
'J
 M
 
`7 U'I
 Ir r _ C
7
1
 a'. 0
	
•
 •
 •
 •
 •
.•
M
rnM
M
M
r-1N
1M
'^ :
T
 '7
'!'1
'?
 
`T LC
,
 InU
lIC
IU
IU
IInInM
L
n
t
.0
	
'L
 ID
W
ID
ID
1D
101D
ID
r.
r
_
N
r_
r-r-
1^
V
 x
IG
 1
S
w
ill pW
R Q13 A
LA
OF
mr^^tZ
iaJ
r
-
in
-L
	
r_
ro
Q-t
	
Lo
	
K
a
t
	
i J
s
-
	
1
,
u)
r
R
Y
-
Y
•
s
	
t
r--
N
11
1t
N
11
N
II
	
11
N
`II
N
	
11
N
f',7
^
•
f I
r•r
•1
u-^
l0
	
f..
nl
IJl
	
In
	
^f
O1
	
N
ul
^
+
+
1:1
raj
f
	
.t
fl
a7
	
r.
c;
C1
	
•T
	
M
in
C)
	
U)
	
t _
P
J
r.t
N
N•
Nj
r.Jr
"J
	
I 
s
	
r
Nc
rJ
	
=
	
11l
•
	
s
^
O
l
\
	
t
	
.
`!f
II
W
r
=
-
111
N
11
	
11
W
It
	
W
	
It
(:,.
^
-
.
-
.
	
11
	
(.l
rs
r l
IT
Ln
I n
	
r _
0
IT'
	
'?
	
r ,
Cn
o)
	
c,
r
	 l
r,I
r^J
nJ
rJ
rJ
r•.J
	
r J
rJ
rJ
	
x
	
Ln
rJ
	
fn
	
+W 
v)
	
t ;j
+
tr
	
^ Q
	
a.
.1:
	
LO
1?Y
Crl
	
Lei
	
(R
r
r
•
•
c
(!7
c
m
C
-N
It
It
W
a
to
	
11
N
jN
I,
	
N
+
\
	
L
	
+
rJ
CJ
CT
ID
	
r .
Q)
o
f
	
In
W
	
hi
r
.
	
ir,
	
r .
•
	
-
.
^
^
hl
^r
>^I
w
	
r^
trpp
4
T
•.+
- .
fir LO
	
-
	
-
C
t
	
U'i
	
1
1
 r_
 f, h
 N
^
.
`
k'
!c
>
:
X
s
	
U
,
f7 +
 00 p C
O
r
,J z
 117
	
*
 X
^t
_
 
r
,l 
>
e
•
t
•
r
n
n
t
	
n
-
	
n
u
3
^
 r 1
 X
 i- r J .t
-
 W
 t
	
`;^
 N
 
	
I
	
t
	
'
 
W
W
r
I
W'7
W
It
	
It
N
W
	
If
	
r.
U
	
I
	
1
	
1
	
I n
aE
	
1. i
	
1
it
	
I
	
n
y
y
	
C
l 
.)
 n
 lyi
	
_
C
O
O
"
'
 F
-
	
^
'*
S
T
:
f^l
t l
^
n
!L
	
L'-
i{
	
i,
X
rJt
•
-
•
LI1
•
.
•
 
.
•
 t m f^
 r?t T
 tT
 
^
X
 -
U
 i
	
C
L
 Q
	
N
	
L
In C
: O
n
 +
	
r J
	
U
in
s
n
C
 -
t
R
6
•
n
o
	
s
	
•
=
 i7D
	
it
	
11
	0
'-
	
-
	
`3
	
.^
 Lr ,
C
r, ?
	
I.
	
IT
I ♦
—
,
	
r
,
 
,
	
-
	 f J
	
'
'
	
t.L
	
,n
	
f!
	
If
	
p
•
W
	
11
	
CO
	 a'1
	
tl
	
11
	
.I
	
W
	
II
	
A
II
	
11
	
11
	
11
	
it
	
L
	
_
_
-
F-
►
-
F
-F
-
►
-
►
-
F
-
I-
	
r
r
-
>
a-
►
-
r
-
►
-r-M
Ir, L
n
tn
r_
rY
J
T
 
z
 r
^
-
.:-
r
•
^
.r
^
^
a
,;-(„ru
-
-
Z
_
_
_
Z
Z
Z
Z
.7)1.0
	
f-
_
_
•-^
•
-
•
 :
_
	
_
•
	
F- F- F
-
 F
-
 F- '- F- F- F- F
F- F F- 1- F-
	
-
 
U
) 0 U
. W
 W
 W
 W
 W
l
	
,L
a
i
x
 C
L
iY
 G
:
C
i (L C-
fi Q: C Qt
CAY (:Q Q: CJ: 1Y CL CL W
 UJ W
 W
 UJ W
 W
 W
 W
 W
L
U
 U
 II J W
 W
 L
L
 C
k 0 t-7 •-• J J .J _-J
t_ CA. a
_
d
IL :L
W
 (L
2
 ri d
o
.. a
 (L
 U-
a
 
a
a
 L
L
 L
L
 1
3
- a (L
. J J J J _
J _
_
- J J J J
.J -J .J J -J
	
CL Ll
c
z
v
0
rlC
!G
^ -
r1r
.
n
t-
C
')
I
T
t9
—
^
J
 re)
 
`
'r
tr
tD
r`
rA
 o
r) L
n0L
n
1= 1
M
0
rJ
r
-IJ
)
M
in
©
0
IT S
'r
J
a
V
0
0
r
J
t
r
,
0
—
r!
r
. )
r
t I1
; 1
 !
j
N
 r
•:j
C
V
 M
 m
M
 17 M
 In
f
n
 
rn
r
n
 rri 
"T U
-)
 In
11)lr.^ ID ID
 I
'D
 I
'D
 f,- co T. I= -•
rJ M
 -? to
 fL
 I
-)W
 r-
f,r_rti
t-r^
r
_
n
.
N
N
r
-
K
.r
.
_
r
,
r
,
-
I
-
F
-
r-
c
o6coco63co
r
 c
o
F
 
^iM
(T)
M
 O
lC
,(7%
0) )
0
C
, 
1 J 
ro
 
I
' 
II 
r;;, 
"
 
>
 
.
 
II 
r I 
.. I 
~l 
•
 
->
 
('I 
c II 
I'..! 'I rq 
! J 
O
;("t:I1;., 
IJ.. 
U
. r;. u
. (1.. 
"
 II 
"I r I I • I' I'" j J 
~r 
~
I
 
I '\1 
I j 
•
 
L
i 
,,-" 
10 
"
 
Ilj 
.-~ "
 
"J 
•
 " 
1.(1 
r J 
'J1 
;;-" 
If) 
)0. 
.. 
r .
.
.
 
I. 
I I 
·
 
"
 
I
.
 
I J 
•
 
I
.
 
·
 
I' 
r. 
:,... 
.. 
ro 
.>
 
.. II 
r, 
;... 1") 
•
 J 
.. "
 :> 
I..J 
•
 
"
 I' 
t 
.
.
 
"
 .
 
.. 
rn 
X " " 
~ 
'n
 
,
 
,
 
I J 
a "
 
rr, 
I J 
.. 
,1 
X
 
lro 
::r. 
: II 
ll' 
T ~t 
:r. 
11 "
 
-;r 
'I: 
.. 
I') 
::;: 
.. 
II 
I"'J 
U1 
tf, 
.
-
IJ 1 
'=
' 
I. 
li, 
V
' 
I, I, I .... 
,
 
.
 
( 
L)~ 
(~ 
'l:'~ 
I 
,
 
I 
('_
 
.
.
.
 ~ 
1
-
I-
I-
1-
,
-
,
.
 
W
 
L.J ll.o 
lJ.I LlJ 
I. 
_J 
.
.J 
.J 
-1 
.
.
.l 
Q 
t::'t 0 
I~ I:J c •
•
 -
r
l.
-
'.: 
1';."1 
(\J rti 
1 
j-. 
1
0
 f'-
r .
.
 ·•• 
LT
, ~
 ~
 
,
 .
.
.
.
 J r4') 
~r Lf) 
ID
 f 
_
 
e'(r: 
IJ
l ~Ii a
 
~J'1 0 
1':"1 
r;) 
I-'J ~
 
IJ) 
I 
':"1 
-:1 
I':) I~" I~ C
l I~l Q 
f
''
'
'
 r J tJj I::, 
f J 
rt') 
":'"t {fOj 
.
.rJ r 
r_ 
r 
J (\J ('.J (\.J 
.
.
.
.
 J ( 
I ('\~ 
'''''\J ('j (' J r~, 
fi) 
rt) 
I') rf) ('".I rf""l 
,
-f) r''') r(') 
.
.
.
 :t 
U-j 
lJj 
'lt In
 
ILl 
'f) 
'1"1 1.0 r-.. () 
t.T, f'.:' 
_
I
 
r\l 
r·) 
"r 
U'"'I 1.0 
I,:) 
'D
 
r 
t. 
t 
I. f'-Iw
 f'-
r ..
.
 1
'
-
f'-
I. 1-
f· f 
.
.
.
 1 
I. I. I. I. r. 1-'_ I 
.
.
.
 I
'
"
 1-_ I. f_
 CD lJ:l co 
';0 
,
'0) iXo l
t
D
' 
m
 0', 
'n
 fT
, CT, 17, 
'7, 0
, cr, 
;, t ( I oj .. 
r
' 'j 
i I J 
lLo 
cl}rJ
rV
plD
(' 1
.;
r•7
r
.
r
\
U`J
-
:
IN
s
E
C!
w
L11
4.
r•1
z
N
 
u
LO
.
,
F-
•
—
p
14
N
c
m
LQ
C.
;-
1'
rJ
0-.
	
LU
1_
Y.
\
^I
	
-
h
I
.
-
Tt
r i,
1t1 -.
117
Ln
CD
_
U^
	
m
	
r
rn
Ln
rn
p
	
n
	
-
1
U")
	
p
+
\
	
\ \
	
1
+
f
	
Q
	
-
 p
=
 
W
	
#
 
I
Ul
n
 
L
n
	
hJ
Lr,
_
I
	
Lc;^
	
ID
 L
A
	
^
^(n
(JCOIM
1
	
1
	
I
	
I
	
f
v
r^C
JrV
^
.!n
	
%
M
	
)C
) +
 r7
F
-
	
11)W
	
^
 C
_rn
rIr_
 r
I
	
LLO
	
p
r
n
=
n
 
rD
	
+
 ^
'(J)1,,pK
nint.D
T
'JG
iK
r!
P
+
.
	
L4
 
o
n
 
C
J
 
-
,
	
G
1
rn
^ p
	
t
r
	
i
	
T.
ID
1
	
co I11
	
1
	
m
f
7
	
I
	
r
-
 I
D
 lA
	
IA
	
I
u
	
D
 n
 2
1D
U
 2
-
}
L
f
i
+
 rj lA
.
.
 lJ l lD
?
- N
 t Q
	
L
n
 W
L
ri I
Q
ID
-
r)
	
-
(D in O)
	
111 1.0 07 
,X
I W
 +
	
r^-
	
1
	
G'1 lb -
r
	
!
n
	
?
•
c
n
 I
I
	
a
	
1L
 O
tt
	
'1
	
=
i
n
p
=
	
.
.
 f
r
,'
	
-
1
.',-
r
,j lD
'- D
I.
u 7
	1
.
D
	
it
	
re) .-
	
o
 
-
	
11
	
11
	
It
	
a
Lf)
II
	
II
	
N
	
11
	
a
	
If
m
"u"
-^
	
1
	
u
	
II
	
In
	
-
-I1
1
	
r? r.J
	
a
	
Im
 clJ
	
r
	
n
	
u
If
1
	
m
m
m
Q
'W
=
/.
	
=
,
	
m
 :"
 >
- 0
-tw
m
-j=zo ieum
m
\w
=
I
,
m
m
C
L
IL
yiU
lm
	
=
"/
	
-*
	
i-cr1
a-, m
	j
:
=
	
X
0
	=
C
1
a
 te
Ln
	)m
p I)
)
.•
',=
, ---
	
-'
 n
	
Z
:
_
Kn -
F F
	
f
	
F
-1-J)(f!
Ln
1-1-
	
h
h
	
F
-h
I -h
h
(IlKn1-
h
I-r-h
h
L
n
U
')
h
h
 h
h
h
1
0(.0-
r
 h
F
-h
1
-
	
h
F
-h
F
- r-
,r
, 	J
	
1
W
 W
 W
 W
 W
 co J LU
 W
 11
 0 w
 LL 0 w
 W
 W
 W
LL 0 0
LAJ W
 LU W
 W
 W
 C, C)
LL
w
 .0
 W
 U1 LU 7 G C
I W
 W
 LL G W
 IL
 O W
 W
 W
 LJ
LL rJ
 O W
_j 
-j J J -J U
' o
U
' .J-) - 0-1-0JJ-j-j-
u
 0
J
J
J
J
J
-0
0
0
°J
-
 J
 J
J
0(9
. D
J
J
-u
-j- 0
JJJJ-1
D
,D
J
0 Ul C) © C) FI 1S, 
,
'y1 1- ,,
 r 17 I,_n rl Q
 
'D
 l', ©
 C
 © CJ 61 CD - C, ,^ ©
 1 n
 p
 0
 U
,
 CD
	
r
 i f1
l , It 
.
1
1=1, 	
I C
-, C
I rz
 G
I i r'. i ,) 1:.-1)
r- P
_ L
n (D
 C
O
 R
1 1J
	
"
A
r^
r 'T
 If) ID
 h_ IJj 17 1
 
,$1 rn - n  rn '"t Lri lD
 I'- h_ rr, (T, 0 t y" I ...
	
-
.
 
.
.
 r) (IJ''")
 1
7
 U
l K
C
, r_
 r,;i rI 
r
.
^
 
-
 i !  -
	
U-^
•7
 M
 ' i V
 '7
 'T
 L
r
,
 T
 ID^
 Lr
,
 It
-
-
 U
-1 Lf) L') U
-)
 In
W
 ID
 I- P
_ r
,
_
 I - r _ :.. f
,
_
 0) 
,
.0 W
 (71 7r. 17
--
-
 
,
-
 0
 0
 I_
1
 19 0
 G
I p
J
 
-
C
	
1^.1 w
	
-
•
	
_
	
^
'  ^
-
.
.
.
.
.
.
.
.
 
.
.
.
.
-
.
 
.
-
 
-
 
-
.
 
-
.
 
.
-
.
 
.
.
-
.
.
-
,
 
.
-
.
.
 
.
.
.
 
-
 
-
 
-
 
-
-
 
-
.
 
_
_
.
	
.
.
	
-1
 -. -
	
r•) rJ r•J r
'J N
 r'J rV
 N
 r J ^ J ,..j r
.:
 
,
 .
 j r: f r I r
• I I- f n
13:;:3 LET E-'" LS E 
!3~e lFT J-~~ J1 
1362 
1164 
1 ... ;'0 
!315 
i-:'5J 
1460 
1.::30 
149) 
15d0 
1,,)IJ 
i~]O) 
15'3"  
131J 
ISS 
LET.>,) 
LET I = ?'3, 'J l 
LET 83=-SGN(Ul~~~N\(1.6c 
GOSUB 68130 
GOSUB 43AfI 
GOSUtl 11800 
LET E6=Eti-W 
LE7 H=H-SGNCU)*U 
IF- H):)titJ THEI't 1520 
GOTD 15.30 
LET H ' }I- 360 
iF H,El TH:::t/ 1558 
GOTD ~560 
LET H=3CiO+H 
156J LEI >\:.':'; R111;;;INIE~:':' 
15ft:! LEt 'y'~J';;+SGNWHPl .n -C05(Eb ~i:P 
15t:1fl LETS:'=.-I 
32 .2fP 1 
1538 IF S)S~+S:::+SJ+S3+S9+S4H:.'2 Ij-{~N 1<.!tiO 
161.:113 CO;!..!!:: 680, 
1690 GOSUB 6SCtO 
1710 LET L:O~6-><5) 
1720 LET t-l= ~ Y';-Y5) "J 
11'30 LC:T tl:(;::6-Z5)·'j 
If.::!;) LET O=~\''b-V5)/,j 
;(58 LET K=·;.~J 
1/60 LET G=ATtICC::6-;:SI/(S-+" ,j?)J 
1770 
1878 
!b~a 
18?tJ 
19~O 
19(1,) 
GGSt.!3 o1S~t) 
GOSUB 680!) 
IF 'J,~;1+~::!+») ... r;3f-S9H'/': Tt'Etl 1.;';) 
LET E 1 =13 
U:T f..J.: Hi/jl 
LEI'il-=3;l'jl 
L!:T G~ I 
2' t __ .... 
2010 
2811 
2 12 
201'':; 
20~t
2132, 
2t:J.:'fi 
2.="W 
21)50 
LET BS~3Gtl (U 1'11I-l'I, (1.6'33 t2 tVi2' /(32 . 21R*Jo?) ) /C 
G;JS~B bJi\3 
20i 1 
2,J10 
"'n,-;u 
20_(1 
- ! ;:" 
GO::'UB -1":~J 
GOSLIB h8n!) 
LET ~! =El+W 
LET H=H+~G.I (IJ) 'n.,! 
I F 11)350 TH:::tI 21360 
GOTO 20('0 
LET H:H-360 
iF H~O THE~I ;:->890 
GOTO) 2!OO 
LET H"'36.)+H 
LET '~-':').:, ~1 ' -' 
_.1.\ LET Y=""4 ... =~ .. _ !:::"CIJS(:::!lf(', 
'\ L_li 
- . ~.-,. 
2 14~ ~ i 
,? ;",;U 
!...ET 
iF 
Gd 
GO 
Lc~ ... 1 
c:= .",: .. 
--II-:;~'+C:')+'-::~ 
~. 0 :J .. l 
- G3Jt1 
-":".~~ : - . ) 
r ... ::::', .,n,'" ~ 
uN
O
R
IG
IN
A
L
 PA
G
E
 IS
K
O
F PO
O
R
 QUALITY,
C`J
M(NF->
^
	
f•.l
C
J
U
.
.
	
,
-
,
N
r
o
N
ti
"
^
0:1
W
h-If)
+E
M
	
l U
Cr1
04
N
	
r_I
U)
v
a
=
ry1
0)
\
^
-
	
C)
w
\
	
r i
M
	
,
►
-
	
3
to
+
,
"^
	
'-J
hJt
S
	
^
 N
dE
U-I
	
r
7
	
r J
	
w
	
'?
	
,
 
r 1
	
re)
l0
	
2
[^ M [y i
	
fJ
	
1I1
>
	
Ul
N
 Z
Y
•+
 -- -• -^
	
N
	
O
	
O hJ
	
W
	
^
 ^
 J
_1
rr F. ^
	
.
.
.
	
.}
	
r. _
.
1
	
1
	
1
	
'7
	
0 (s) r` J
	
,
 
•
-•/
.
.
	
3
 - .i
Z
 0 O
 I Lt
 F-
m
 ^
	
S a' C
7
w
 w
	
+ CL (J7
•^
C' 0
Y
 r N
	
v
	
C• J
	
^•J
	
7
	
^
	
r-. n
V
 '3• 
'r
	
2
 I `J 51 irl r'1
^
 fU
 ^> M
 f-
	
+
 T
r
1
J) W
•- ?r
Z
 I^
 1
^
 +
	
1
I
	
0
Crt Gi u"
"
"1
	
'1
1
	
C 1
	1
	
1
	
1
	
.
.
 ^1
 EI
	u
 
4
,
i,
	
r•J nJ
	
1
 O
	
.
 
•
 
`
,
 
-
,
 T
 Iy
	
<L
	
'f
!
c
o
-j
In 
c
	
W
 +
 c
D
 
m
I
	
F- tD
 ID o) to
	
1
+
 0) ID
rJ
	
U) 'm
	
r) Cli
	
J
	
J
`
"
r-
11
"
 t0 
.Z
	
tL --'
	
It W 1-0 19
II
	S ID
	
II
	
=
 rD t D
--
,
2
	
W
 h")CO
•
-
•
 ID
 ID
•
•
 
.
•
	
-
-
 V)Q
 
17 I.L
	
^
_
 U
1
 .. to
m
, 
I D
	
r
	
M
I I
	
II
	
II
	
It
	
l r1
	
.^
	
II
	
11
	
N
Ul
	
-
-^
	
II
	
M
 r•J
11
	
1=1
N
	
II
	
11
	
M
	
11
Lo
it
	
II
	
11
	
II
	
II
	
II
	
Ln
	
U
	
11
	
11
	
II
	
p
	
J l
Z
i. .; 
o
m
m
,
'•.
 W
 _
iio
m
m
m
w
=
/
,
m
 ,
	
2
X
ro
)-
,
m
O
JZ
Z
rJ'
.
.
 [9 TjQ]
i,
J
-
^
 ^
:C
 (-D cu
	
^
0
	
f-;
-
N
n
7
r_
n
F
	
F
-
-
 
F
-
 
F
-
 
F
-
 
ri) 111
	
I
-
 
F
-
 
I
-
 
F
-
=
1
	
S
O
F
-
 
U) 
I_r1 F
-
 
F
-
	
F
-
S
O
F
-
	
F
-
 
F
-
 
F
-
 
F
-
 
F
-
CA
-
1
	
1
U) 
(
n
O
=
rn
	
O
m
(j)
	
-
F
-
 
F
-
 
f
-
 
F
-
 
F
-
 
I
-
 
to U)
	
F
-
 
F
-
 
F
-
 
F
-
 
N
 H 
L
n
	
F
-
 J J
.)
W
 W
 W
 LU
 W
 O
 O
 LL W
 W
 W
 W
W
 O
 O
 W
 W
 LL O
W
 LL O W
 W
 W
 W
LL O O
W
 W
 W
 W
 W
 W
 O I
	
LL LU W
 W
 W
 W
 W
 O O LL W
 I_T
'- '1 G
 ti
-j _J JJJ'A
0 --
•J
-J
J
_
_j-100
J
J
-
0
J- 0
_
.J
J
J
J
•
-
•0
0
J
J
J
J
J
J
r'
I,
-
J
J
J
J
-)-.J0
r,.-
.Ju —
	
.Ii.
 C
L. 6-
r- C
D
 l' M
 a) C
D
 tm
 L
n- a CD
 U
-1 .-) O Ul r•- ty 19 0 M
 (M
 '=I a
, V
 O
 a) 0 
W
 CD
 ICI ril O
 m
 G
l 0 1m
) 0 iJ C
.7 r
-j 0 C
'.. 0 tr. 11 1,1 la r-n
N
 O
J (Tv Fi . 	
C•2 (`.) rn TJ
 
uI L) ID
 P_ r`. r- co III co .-• t1 J r ei 1
 U-) I D
 
r- N
 JI im
 0 •-•• N
 v) T u
-) ID r`..
 
co
 cr )
 d
	
C•J I
,
 
r
.
	
U-1 tn- ^+
	
1:,
C
J N
N
^I)
	
Ui
u)lt)
lftm
u).D
ID
tD
tD
w
ID
 I D
!D
lD
ID
r
.
-O
U
C
n07C
O
O
J0)0-1
n)SI71ICI ;l1^1r_,
t;
 
^I C
,r,JN
i r^^1:
N
N
N
N
C
JN
N
 ("IN
r1JrJC
JN
N
I
-lJ (Ii I71Jn
JC
JN
N
rJrJ r•. lN
N
N
C
JN
I, \JC
trJrJiv
r j(,JN
C
V
 r
,, lr 1I^ 
•1
r-^
, F)r- re
,M
	
rrlI
iw r
227,) 
2~80 
... 23CJ 
2-':'00 
2310 
L't T 11= (Y4-Y3).J 
LET Ii= (Z~-z:;) • J 
LET Q=(V4-'~':::j/"j 
LET h.=;3 ~-~·j 
LET G=ATtJ «24-!:3;'/(S3·!:j2»)/C 
2~ 0 GOSU8 45J0 
2~20 GOSUB ESe0 
2~30 
24.. W 
24:(1 
IF ';>=.1 +S2';';'3+K/2 Tr.EII 23.28 
LET El=90 
LET LJ=E i ,'J 1 
2~55 LET K=S3 ,Jl 
256Cl LET G=0 
2570 LET 8S"';GtHU) ltHTN « I . 6t::31'2 l/Ni2:)/(32 . 2*?<f"2) ) /C 
25~S GOSUB ~8eO 
25;; GOSUB 680Q 
2588 LET Ei=EI-W 
25913 LE ~ rl=H+SGrH'J):v.J 
2t;l)a I F H }36t1 TH!::tl 26:::0 
2610 GOT:) 263>] 
2620 LET H~H-360 
2630 IF H~O THEIl 265[1 
.264£1 GOTO 2660 
2650 LET H=~bO+H 
2660 LET X=X2+F'ilS UICE I It.C) 
26('0 LET Y=Y3-SG:HU) .f,:;:1:,::05 (!:: 1:1 [) 
2680 LET E,=~,-! 
269[1 IF '=.>5! +S2+K/2 THE:i ~57( 
2708 GOSU8 69BJ 
2888 GOSU8 6608 
2818 LET L=(X2-)~I) /j 
2;320 LET tl=(Y'?-Yt>/J 
2830 LET t;= (Z2-Z!) /J 
28~8 LET O=(V2-Vl) 
~850 LET k=S2 ~! 
2%13 LET G =,n:1 ~ c::z-;:: 1) /(S2 I<j2) ) /C 
2::!7J 
298( 
2.9:30 
30]00 
"3010 
::;02r1 
~o~o 
3 (l3"i 
30 ~,j 
3(;50 
320i'l 
321D 
GOSU::~ 4SQ8 
,:;'J::.UB 680') 
iF ~,>'::1+k.'2 THai 2810 
LEi L=;;!/j 
lET j'1--r'IJj 
LeT tl=C:.'1- 2(3)/J 
LET !~=S I 
LET ':'-rc (V l-Vln /j 
LET G=jY,rI ~ C::: I-Z€P '(S kJ2)} /C 
GOSU8 ,· .. \'5E1 !:'l 
GOSIJ8 681]~~ 
iF ·; >IU.2 THEil :;OSCi 
3.' ! 'j LET G =Cj 
3360 CALL (3 .A[ IJ . l . l4' 
"'''''65 CHLL C; .i[lJ . I . l')l 
3~?fl ~,"' Wi ·L':,:PL'~ 
P F-' ! t fi c: t- 'J . 11 ~, 5 
,:.,:. ,I t'P j if "r'J.-l-:"f I ... 
~~=r. F'Rir-;T ntf:)="i ~ _J 
~i 
a 'G i ~~ 
~~ ~~ ~. 
ui^^
 iia^
^
'o
rte,
M M
n
 I r 
1-; 
:z: 
U
J 
:r.; 
1-Qa
 
oJ.. 
-
IL
 ,
 
O
R
IG
I?dA
L
 PA
G
E
 IS
O
F PO
O
R
 Q
UA
LITY
a
	
x
	
x
_
•
-
z
o
	
x
o
u
v
+
 tn
u
]
	
y
?(0
	
rJ[
Ln
+
 ,^
F
-
_
_
i •• u
l
	
c
1-
41
=
 
m
 0
	
m
 
"
"
•
	
f l
L^
L
O
 
0
	
In
n
*
 
u
 i
	
tf i
-
	
I
	
+
c=a
^^
S
	
x
	
L71
LJ 0
	
o
u
In
}`'^
a
	
a
+
rJ
m
1
	
^
 
m
	
n
Z
-
_
	
_
G
`cn C
i
	
U1 CL
	
r,
m
a^^J
m
=
^
	
=
z
	
°
u
z
r
°
Jm
r-
OL
i
rtw
	
1_
	
4
.^
 -m
Y
f-m
c
r
0
n
In
F
-
	
N
 cn
	
^
 
.
-
	
,
-
.
 r
-n
 -- G
 v
r
u
m
O
 -
	
is
	
m
^
-•=
m
O
(f 4f, -
2
z
L
A
1
	
•
.
	
L
n
 
Vl
	
L
,
 
C
r
,
	
O
,
tiG
]
S
	
0
	
rI:J
	
C'
	
^
J
	
Vi
	
*
 4
O
	
*
R
7
	
C
 Z
X
	
C^
•
•
	
Q
1
	
r)
	
Iii 
	
1
!.D
 0
w
 W
	
T,
	
O
L
O
}•rJu
rrJ 
_
 W
	
,
•
 
_
r^
.
	
•
	
Q
w
 (1 J
	
Z
 O
 Y
	
u
	
w
!"1 lC'111v
i1• CO
m
f•J fV
2
^l`1i a
S
	
0
o
-
 
o
0
 ^
.=
	
Cj(Sl IT,
	
w
-
 
I
	
I
	
-
^
 I
	
I
+
 . 7 
• y
	
ID i_r. fr) F- O
 -- 0 c
r) M
f-
-
-
 F- C
3 
-
-
•
 ©
	
S
1r) ,
	
if * R
, T
 f
 (71 ?,
	
I- ^
^
	
n (^ F- , h
0)
	
1
	
1
m
`
	
In
+
o
	
F
-
1"Jm
 I
	
1
1
_
:,
	
F
-N
`1
+
rO
 s
:
	
O
G
". G
: cy
-S
	
x
2
	
LOl
c
o
 m
 X
	
rJ 3
 L
.
	
•
`
	
=
co
 'D
 m
=
I
	
%
 'r u
 to
 :" u
') 0
n
	
U-)U
-)x
 
'
-
 0
 0
=
	
L"1 Ln:- --•
	
n
	
u
	
11
	
a
	
a
	
11
	
n
	
11
	
r
	
n
n
	
,1
	
0
	
1,
01
	
u
	
n
	
u
	
11
	
n
 S
	
S
11
	
It
	
{r
u
	
11
	
n
	
u
	
11
	
#
	
u
	
11
	
*
	
n
n
 Cr'Cr.
	
m
	
r1
L
.
	
.
 ?, rr,
	
,
	
,
	
•J)
	 Ik
	J1
	
R
, "
	
C
X
	
-fJ^i--0
G
k
: -F
-
 F
-
 I
-
F
^
iL
M
C OC
L
IG
O
C
t
0
3
	
S
m
 X
G
O
rf)F-M
Lm
	
LJO
D
I- CL) CLI
	
G
_
C
1
::,6
a C
t: ty
a7
.G
.4
-rlli?.L
L
J
O
	
:D
 2
2
2
2
O
	
a
-1
O
	
m
"Z
O
J
	
O
•n
Z
Z
_
J
	
O
	
0_
	
d
'r
J F- F- F- F- H
	
F- • -
	
-
F
- rr, F
-
	
1
-
F
- F
- F- F- . r, I- Lri
	
•
-
•
 UI V) F- I
	
L"-
	
-
 
,j, Cf. F- F- F- I- 1- H 1-- F- H F-
	
F- » F-
	
F-
2 0 W
 W
 W
 W
 W
 W
 D
! S C
L
 G
: a u l
W
 O
 W
 LL W
W
 W
 W
 W
 0 W
 O
 L
L
 L
L
 O
 O
 W
 W
 a
 L
L
 2 ID
 0 w
 0 W
 w
 W
 W
 W
 W
 w
 U
 L
L
 W
 L
' W
 L
L
 L
JJ
L
IO
J
J
J
J
J
C
id
G
_
IL
L
L
G
-
 
LI-
J
1,J
-
L
L
J
-1 -.1
-
-
.C
L
C
7U
JJ:.9-
C
L
I- 1
 
r9
J
L
.
9
J
J
J
J
J
.
.
J
J
J
•
-
+
J
G
_
J
•
	
-j
,0
M
(M
0,).-:1 -1.^L
-,M
0 i-,n00
: 9
o
r 1...
f'JIn
'f
)S!iA
[r',0(V
 -r -i!uN
M
*f U
-)r- M
M
 C
.^
, M
In
0
,. ry
 G
,M
,0
njO
fiG
T
?. oG
. 
^
-
 N
 1
+
?
 It
 L
n
 C
Z,S. 0 •-•• ICJ
 
"7
ID
 ^-m
 i0 -••
0
 r
-1 0
 O
 :1
 r1 0 0 -••- - -+
 r"l [11 N
 ('J N
 N
 N
 r
•:
 Ir
 
`T U
-)
11 1 
'.
	
rn
 ,J C
.
 
-
 
r I (1
-i ('f
,14
 
 ui
rn
-T
 L
r LT, InL
r
.In
	f,F
-r-r-r..r-r,_
QJrOao
rJ.7t
1^
O
0
o
o
^
11 n
0
o
0
r'
.(7;,Lam
)©m
O
0©
C
.I"ti O
^
.^
O
 0
r^
O
r
	^
^
.
.
.
^
.
r•
-^ r.? 
-1
 
IT
	7
	
7
 ?
 7
	
t °7
 
• 7
 
•7
'J
 
-7
 
7 '7 "T
u
; u) Ln u
-) u-
,
 u
-1 u
•) Ln u-) Ln In u
,)
 u
-) to Ln in In Ln Lr1 u-1
	
n
 u
-• u
-• u
-• 1r, !r 1 to Ir 1i) u-1 u^ u^ In Ir
;:;~08 
3·~OO 
4<)813 
4510 
452 
~S3t:J 
'548 
:'513 
4(00 
(01 
~705 
,18 
4 2u 
4r.:.1~ 
430J 
4910 
~a90 
4903 
910 
5000 
5001 
5@82 
530:; 
CALL '3 .8' 
COTO 999 
LET X=X- L 
LET .... =y-~i 
LET Z .. Z-tl 
LET V=V- f} 
LEl S-'= - K 
RETURti 
PRItH 
PPltlT 
FR1NT .~=oX;· Y·· Y;·Z=·Z 
PR ItiT 
PRINT "t!EAD ItlG-"H : "BAtiK ·aB: "GS · "G : "DTG·a; : ··'i="V 
f=ETIJRtl 
LET 8=85 
GO·;UB bdl'') 
LET 8=t;+E:5 / J 1 
IF HBS(8,<AE:';(ES)-':,8S,' 8S)/(2>t-']D TH':.tl ~Jltl 
F:E.URU 
LET 8"'-C ~IB 
LET K:>N:J2 
LET Y=Y":J2 
LET H-=ClI :( H- H I) 
50f.l~ GOSUB 550£ 
5006 LET X=X+9080 
50 8 GOSU8 5038 
5003 IF J3et1 THt:tl 50 : 4 
5 10 PRIIH "TO 8: SiTE : · : 
5012 GGSUB 521G 
5014 GOSU8 5?08 
5016 LET X=X-3aaG 
51320 LET Y=Y-30r 
5022 GDSU8 583 
5023 iF J8~O THEN 582; 
502·! F'R lIn "TlI EL-: 5 i IE : 
5025 G03U8 5210 
502( ,:;OSU8 5,~\Jil 
5828 
_8?9 
5830 
5040 
5050 
5 1:'0 
122 
I~ j "'Z~1 
S'4J 
t:;1~n 
LET A3=Ar:HPS'SQR 
IF ?9" :fl THEH 5130 
LET P9= . ~ 
rp. rnT ' .~: • . :. 
LET £::'h>=llt ' n~ pg) ''J;- .; J5'3 
IF P;l 0 nl;~N c' .G:J 
LET ~'>5,St i.1J. : ~.'-"+f ~ 
) 
00 
tw]l;:C 
-."Cl 82 ~> 
r-' 
c." 
c::> ~: 
rl-
u
^
^
11
-
.
r
	
.
r-
T
f:
u
ti
hU,
f
-
rl
1
(T^
1
N
•.
rlE
\
rj
r
ti
Q
cD
rJ
h
4
,
-
w
?
p i
F2--
r•
c
In
r9
+
N
f -
m
ID
`7
In
f
	
(::f
a
rl)
J
17
7
CO r' I
-
in
in
	
In
Cl
0) Il-
i 1
S
CID n
-
,
r•I
M
M
	
,
r
.
r
d
X
	
-
 
.
,
.
.
f1
Z
tf
Ili
o
I r =J
 S
 rl N
	
tl
11
	
•
-
'
	
+
	
+
 F
"-
L.I
	
+
^
a
11
	
t +
 F
-
	
u
	
+
	
+
 +
r.l
	
r
, j
+
-,•
	
J
,
,+
	
-T
¢
	
v
+V1
+
r,
In
	
0
w
	
r
,
^r
'r
s
	
r
rL
-
U]-
•
	2
`7
7
^
^
rJ
J
w
LoLn - Z
N
	
-
-i W
	
IT IT
	
z
	
j
-
 J
W
I +
U
h
I
	
M
a
I+
	
n
	
nr
Fr,
	
u
	
u
	
r1
a
	
n
	M
	
1,
	
u
	
11
	1 ,1
	
-
	
o
	
u
	
In
Imo ,
	
r J
u
	
u
M
 CL I
<
_ (L
	 11
n
-
	
.
.
.
.
	
1^^
11
	
I!
	
^^
	is
^
, ^::,
	
It ,,
;
	
; I T
	
11
Z
	
,^
 to
 to
 ^. Z
 - U, U)
	
11 Z
^., ^ -:^ -r <
.
-
,
-
 
-
 r
 ^T a
	
-
_
^^
	
I:
	
u
Z
 11 rn
 -
-u
u1S
	
rfi
(
	(I2
	
Z-7
CL
	
^J^S
t_1^
.
_
.
.
 ^
: 0a
	
Z
 -i
	
Q
-
 2 S
 e S
?.
ri
	
^
 J211
iC
1 2i^
Lm
	II
	Q u
	
.
.
 , ...
Z
^
J
I
-
71f -j
P
	
^i
_1
	'
i
F
-hF
-hF
-F
-F
-•^-•1
21
h
h
h
F
-
-J
h
h
h
^
F
-h
h
h
	
h
rh
h
 F-
	
h
h
F
-h
`
hF
-
l
I- 
-
-j
	
hL-
,h
h
h
h
h
L
-i=
.- ^
I-h
W
W
 W
 W
w
L
U
w
L
Iw
W
W
W
L
JL
tW
• 2W
W
W
 W
W
 W
w(1_wa ujLLJ
	
Ld LU W
 W
 LU 11.
LI) 11 W ULJ ;X LIJ
Uj Uj L
.J
W
 W
 L
.L w
w
w
w
 L
w
i
Y
 J
 J
 J
J
 J
C
L
c
a
:
. J
J
J
J
-
C
t:U
JJ
r
r
 J
J
J
J
'- M
U
.J
J
L
C
L
J
J
J
 J
•
-
'
L
L
 U
 J J 
't-
CL..J
JJ0
..
-i ---i C
L
. J 1
JJ
m
 (9 rV rn In rz a @
 m
 '9 C^j, co
:
 
,
 In m
 ©
 In ©
rD
 in o in  0 In 0 to q
 Ln C
J (fI OJ rJ r I -t v, co (mr 1 -t D g
 C
i = G
l c. to 1- ^n "D
 ^ :. ^ I
9
1
0
0
0
0
 M
n
 N
^7
L
n
!D
 L
I`00m
T
fm
b
	
rlrlM
 r
e)
 
^
r 
"T
 L
n
to
in
lb
1 ,D-D
t.0
 
D
r_
r_
r_
 r_
 p
 
r
':M
0
G
,0
. 1
r , ,
N
N
M
N
N
r4
rn
M
rn
M
M
M
I-IM
M
r1
M
-1-t
t?^r
rr1
7
'7
7
-T
 7
'r?Q
T
r
TT
 r7
-t-?-t-f'tlnIn
lrto
r_
r
-
1
_
;_
I_
f
iP
L
n
L
n
L
n
to
L
n
In
to
to
L
n
L
n
to
to
In
to
to
0(nIn00In(nL
n00InIn(n0(nIn00(nInInL
nInInU
-,Iru--InO
fu;I-I I
	
,L;-A
IL
 t,
51bl) 
5:80 
5190 
52 0 
52 2 
52 3 
5?OS 
521t:i 
5230 
S~00 
5310 
5320 
53...tC· 
5350 
53bO 
S36S 
5~70 
5::'80 
5385 
5390 
5400 
5405 
5410 
5~15 
5420 
54,:5 
5...t30 
5435 
5 .... 40 
5"':~5 
':)...t50 
5455 
5458 
5...:60 
5~Jb~ 
5·~S-! 
54S5 
5 !S8 
5'::.0 
C·-:"") 
,J""'tJ __ 
54.-1 
5...t?6 
55 iEl 
5510 
5'52(1 
5530 
PETlI,,' tI 
LET p-=-p .... : 
LET 8=-8/ ( 
!...ET H~f11+H/C 
LET C!='; ' J2 
LET Y--Y- j2 
F'ETUFlt 
FP.1NT aALFr-:H = "A9 : ngETri ='83; np!TCH =-P 
PETUF:l 
LET AUi...tJ=89 
LET AUI .. H-! ]=ri9 
LET l'I4=tl~-d 
LET rl4=N4+2 
IF iM>32 Ti-!Eti 5365 
RETUFr~ 
[RLL ~ - A[lj . l.L4) 
LET t· 1~ 1 
LET L4=L~-1 
litH A=::::ER 
RETUP.h 
LET lUISJ=89 
LET E tiS+l J=A9 
LET 1:5=1I5-H 
LET tjS~t~S+2 
IF NS)32 THEN 5430 
P.ETURtJ 
CALL f:, .I[IJ - ; . LS) 
i.ET 115= 1 
ET L5=l5+1 
tlHT I =:::EP 
REfl..'F:N 
LET AUi .. +]=' 
LET AU! -1+ 1 >Y 
LET tk.=t14+ 1 
LET r14=H4+2 
I;: 1;<1' 32 T~Etl 5--16,] 
R!.:TUF 
CliLL I:; . H[ 1 J . 1 ' L4) 
LET 114=: 
LFT L4=L4+[ 
r:I-1T H=:::ER 
I:'ET'_i>=ft 
LET P:3-G 
LET p ~P+.:12'1(SOO i 1 + TAN (8":'~) - 1) 
LET F=-C.~P 
RETUFti 
5~80 LET 8=ATIlt 1 . 683·~~}7~2)/(:2 _ ~*2~Jl')/C 
)~[1S IF 8 ; 3(1 THEtl r-.= . .1 
::;.0;- LET Pi=! 
3;-"10 PETUFtl 
~,72.j LE f PI = ( 1 . t;~~ :J t·~ " " .. r-:-: .? ) .. : (::2 . .:: "".: IT:;~f l· ~ ~ ',[) ) 
r::;("31) 1"'[TI5-ti 
('O ~IO Lt.I:; :;';'''_;2 
~~~2 LET ~=\ . lj~ 
F-
	
^ILO
r
	
^
Lr1
10
PA
G
E
O
R
IG
IlJ
^
'
'
"
^
^
 p
p
U
l;
LD
	
!^
I-
	
Lr
	
c
©
	
^
	
e
lU
	
1
.
0
W
W
	
\
	
A
	
lD
G
 
A
fJ
	
x
 E
 -
	
w
	
UJ
EJ
	r
f
 
w
 
i
7
 
'
 
+
 
A
	
u
	
F=
E
 V
 n
	
Y
 iL
	
t
r
+
^
^
f
	
fa
 In
 w
o
 u
 o
"I<
L
n
rIn
a
i-U
.•w
	
ry
67kD
	
¢
M
 ^
u
	
F- W
	
1-1C
D
0 1
	
111=
r^
	
t 
I
	
Ln .-. n
 C
 0 Ln -- G
s
. F
- If
1 L!, y
	
^I
	
-
-
`
	
Ln
	
N
 II c^ o
	
N
 a
	
J
	
.;
	
„)
	
G^
	
LS1
	
o
	
C
o
l
,
} 
r
 ©
T
 N
 ' rJ
	
_
	
J ^^ J .^.
	
CD re) u; tL
	
U^
	
6J
	
-+
	
In
	
r; r
	
rrj
	
I
^
-
' .,.1 M
 M
 ... t L
L
. O
	
•
-
' W
 17! #
	
-
•
	
C
ti µ•
	
CD
	
03
	
co
	
CJ
	
CC$
	
co
'F
	
1
	
CV
	
W
 J
	
±
=
	
Ol
	
W
 7F
 t
	
F J s
	
LL
	
tD
	
ID
	
rD
	
lD
	
r
	
t
N
T
}
! D
 w
 0
 fJC
nLU
	
A
W
 •• s'.
CY"J
	
r.I
a
	
Lo
	
L!",
X
 Lf) v
	
O
	
,Z
 - U
7
	
00
	
-
	
=
 
_
	
\
	
C
L
 L
L
J
	
W
 W
 1
'.J
	
W
	
t
	
li: LL
C
O
2
 W
 C
L
 F
- L
n
 F
-O
 
n
 (L'.D
 
0
 Q
^ l-O
 x
 nlC
•J L
n M
)
	
T
to
	
o
 S
O
 r T
-0
C
D
 W
m
 N
 N
In
I l
't rD
 3
d
. 'D
 F
- z '_
 !
_
 
.I
	
I!I 
-
r
 CL f
,J G
 • c
r o
 L
o
 ?
 a
 a
t fJ ^
 ^
	
0
^ ©
•-
	
F
- In
	
t- tW
 F
- D
 1- G
7 r9 L
am
. F 9 C
v
	
*
 
-
	
•
-
,
 ry
	
+1 I^ G
C'r
	
L
T
 'r /_i 0 ..- LL •-• Lfr O
 LL I C
r)
 
O
D
 -
 0
 LO r
-0
 ' L
L
 'I \ \
	
I O? CD
	
't
	
f _
	
t;'
	
0 N
 rr
	
m
 r9
	
I
n
 I
 I ^
	
F-
L it CO
-
-
	
rI^
 u
 n
	
=
 p
 =
 _
 =
 n
 
u
 
x
 C
rr u
 n
 u
 
	
a
 
	
0(D
	
G^ L'^
	
!r ?
 '
-
' Lf I ^D !D
	
f _ 6,^ L I)
 
'T
	
I f
-).. _^^ U
) i- Z' IA t =
u
 It 
n
 G
 
u
 nJ of 0"
	
!D
	
-
»
 
-+
 
-+
 ; .
-
.
 h7 w
	
x
 
x
 
=
 x
	
Ln
	
Ik
	
#k
	
k
	
#`
	
'D
	
1t
	
Z
 ,I x
 ^
x
 u
	
n
 x
LL
	
LL LL W
 CCIF
	
F-F-
 F
- A
F
- L
L
	
L
L
 IL
 W
F
-F
-X
	
a
-G
3C
r rna1f`000rC
riCir
-fM
C
l-IJM
	
M
cow
im
 C
L
: C
l72%
:-C
D
	
m
ro
l-
2 Z 0 Z Z
	
X
 
H
I- F
-
	
F-
	
-
•
 H
 F- F-
	
F
- I- f- +
 -» F
- F
- F
- F
- Lit
	
^
 (ri I
—
 U')
	
ZI-- - 7
-u
 F-- U)
	
(r) n FO
-
 F- F- F- N
 ' II- F- ^ t
LU
 LLJW
 LL. W
 W
 W
 11. rL O
 Ll. Q
^ C
L W
 W
 W
ILW
 W
LAJ 0LLQk^ W
 W
W
 W
 O
 LL. W
 LL O
 W
 LL. O
 LL O
 LL 0  r LL O
O
W
 W
 W
 W
 W
O
Lu ;L I::)LLt1
J J .J ^
 J J _
J •-• C
L
 0
 C
L
 Q
. C
L
 -j J J •- J J J C
L
 C
L
 J J L
Y
 J L
D
 - L
L
 —
 --9 C
L
 •-• 
r,
 
-
 
-
 L
'f ^• 
-
-l'
 0 L
O
 —
 0
 0
 C
L
 J J J J (-I 
-i
 
-r !_: `-• iL
L
n
 l (v
	
In
 ©
O
 L
n
 in
 r: 11
 L
n (M
 I'D W
 rs
 i'V
 l') in C
) C
s rs _s is is r U
-r !s O
 C
 D
 'N
 I t
 IL
I son 0 a) V
.
 IM
	
') L
O
 0 M
 I9 0 In
 Ili IT
 l
-
'
,O
 ©
 C
'l In r'D
C
.
 
-
^
 N
 "1 (',1
 M
 7
 It
 
'n
 In In L
n I Z
 f _ 
-717
-
Cr
,
 T
 0',C
' 
-
-
"J t7
 
-t
 In
 O
rs O
 IT
r C
- is M
O
 1--,f--'--• N
 i ! I
n
 
`7 u"' u
-)
 rD
 fti on co -
	
-
^
 it L
it •+
 I' 'i
c
0
in
ev
0
0
 
'
 
0
0
 C
)
 I
M
,
"M
in
 
rj
0
in
in
	
-
-
•
	
-+
	
u
"
r!D
r.D
'D
f_O
?O
C
r
rU
U
.lifi'SC
0(Y^GJ00(DO7C0
r^
 C
r in
,
 (M
	D
t9
^
' -
lD
 r:,
 
'
 O
 !D
 W
 !D
 
'D
 !D
 'D
 
'J r !D
 l0i 'D
 'D
 'D
 !i, !D
 I D
 !D
 'D
 !D
 !D
 
't1 'D
 'J=, lD
 !D
 'D
 'D
 w
 
'.D
 'D
 
'D
 'D
 'D
 !D
 '.D
 ID
 
w
 ! D
 Co rD
 !D
 
w
 f` f_ r
.
-
 
r-- N
 f
!..—
6COJ 
-. ro!·} 
b02-
baL 
6025 
G03(; 
68-18 
6 -.f5 
6038 
>:::IJ52 
b054 
6055 
6060 
b(l;"] 
60B0 
6038 
6.)32 
6035 
6100 
6110 
612fl 
6130 
61.40 
6150 
6588 
660£1 
6505 
b'6:?!] 
678 
680[' 
6862 
681)-4 
6813:; 
6StJ::: 
b:318 
6828 
68:25 
6~::;tJ 
';84€' 
6E:st::: 
6855 
G8bO 
68;'ll 
6~:80 
?Ol)l! 
frW) 
7312 
70 l.~ 
7D":i.1 
-0 '50 
("0 it" 
;-:;'3J 
-;-UC;<j 
l ' ",0 
LE- .- )p : ~< .. ~""'('''-3f"'C: ,! . ~ ~ ": c!"_ 
LET f :~:1. 68583;;:.LOG ";:;6 .. ..:2 c!l 
LET F" (r-l"i"II((Y-3U0) /~;)) 
:=- ~; ' (i li-!t::tl 6fJ3t3 
LET f- =S6t~llJ) ~.( :8l1-A;Sf F~) 
LET F2=SGlRe;;2+(Y-308':2 '1 
LET E8=(ATIIC2.1F.:'l) - C 
IF ~[;S (F»PBSW) THEN flJS 
PR I tiT • IllS r fiE fii..S COv'E?'AGE ZCI;lE" 
GOTI] bOSS 
PF nIT "JUTS if'c r-1~ -; C),,"'::PAGE ZOtlC:" 
~ lIiT "FROn Eli S iIT: ' : 
FP IIH "HZ" "IF : "i:.L c "EB; "RHHG:=:= ";:)/60;-t) , 1: ":"0·3':.="T 
LET Dl=SQP«(V.+908C.I ·r2T"';.?+;::·;2~ 
Ir X}-·3t:H)!3 Ti-:::N 61JiJ 
c..ET rl"'SG!lrIJHdGf'-HD3(FJ)) 
LET F3~SQR( (;:+900(1) 1~+Y1'2) 
ET E2= (ATtlC/F3))~ C 
PR ItlT "FPiJrl A<: SITE : ~: 
PP. Hn "HZ = "F 1: "EL= "E2 : ·PA!,SE=· [11/S076 . i : aLGSS= 'T1 
LET X=X/J2 
LET Y=Y/J2 
RETUPN 
LET 8=t.-85/J 1 
GOC::IJB 6f:i)i) 
iF H8::. 8) :-AB::.(8"i)/C:::f00 .H:::N 66t)} 
PETUPtl 
IF J("#D Ttl::n 6800 
I:; Slj8 5,~S5 
RET-'R~ 
! F .i8:ttO T!'EH 68! 0 
GO':;'..'.) bee
G(.lD i8S0 
GOSJ3 ,'J00 
60S!) 
-3213 
IF ;8~3 THEtl 668. 
GOSU5 80·XI 
GOSUB 3a~D 
r;;ETUPN 
LET 8"-C*13 
LET H=C i:(H-H!) 
LET : ,' =\~l' ;1 
:"'E~ 1 =') I: j~ 
GChUB 5580 
l FT Y"'Y T.) 
u· f ',:.':- r~ 
GG:I£ ')cJ';O 
!F .;{''';'t\ n~::::: ,~-j 
;:PHT -,- [- ':;-1:; -:.r-- w 
~i 
,~ 
\! 
11
nJat fjr_kO
w
\
z
G+
m
 
O
•
(T, r•J
x
Sr
r
	i
fV
	
W
7
i
 
W
F
-
	
L-r!
W
on
L
L
 
W
 CL'
e
x
•
-
,
 N
	
L
L
 r
	
w
 a
I
	
^
	
.
-
,
,
	
^iJ
n
:
r
D
-^
 lD
	
1
	
m
 t
	
Cn CO
2
 .. U
C)
f
	
W
	
2 (Ili
	
L
L
J
I
O
I-)
„1
,^
.
	
I
	
F
 r^
rD
•
©
	
©
^
 U)
4
-
 
r.7 \ O
 4J
	
-+
	
n
CI
	
UJ tll
 J
I_n
n -. 
r
r l
 C
O
 ID
	
I
	
J
11I C
,
•
•
 CD
J
LL
art
	
of
LILI
c
o
 >
-Z
.
-
 
^
N
_
	
LL
7
v
i1
in
 U
 W
 O
z
	
o”,
N
n
J'"0
0
	
^
^
	
O
 II N
N
O
jIN
	
W
	
-
 F
-(J
N
C
n
O
	
I- In
	
ID
	
^
 Z
C
	
Qo C ri
•
-
 •^
-
^
^
n
a
:2(-qm
=o
	
i
Z
 
1"
	
X70
	
O
	
•
 F-
	
C..5 Ul -
	
11 
.
.I
	
.
`
	
^,.
a
r 
*
 
.
.
 H
 L
O
 L
L
 O
 \ \
•^
-^ U'
u
-
Y
 
"
 
-
 
o
 n
 rb
 ¢
 l
	
x
0 U
)
	
x
	
_
	
-
I`I
-
•
	
.
^
:._
 .
	
11
	
11
	
Y
 
}
a
	
1
U
-)
	
11
	
II
	
11
	
II
	
11
	
11
	
(V
	
C
O
	
11
11
	
x
	
r7
 m
 rn I
r
	
11
	
x
7
1
Cm cc
	
X
 
	J-A
►
-L
L
	
LLLLLLJ
	
m
LL.^LLm
IX
^
 =1
	
O
 
:
z
z
	
:D
' H
F-1-
X
	
a
::D
'
	
-
in
u
	
1
-
H
r-f-f-H
 H
	
+
•^F
-rf-h
-H
H
F-
	
•
-
•F-F-
♦<
:H
 
=1
ICI O I,
	
.
.
 O
 W
 LLJ W
 W
 W
 W
 L1. W
 Lit W
 tk CL W
 W
 W
W
 LL.1 W
 LL W
 LL CL W
 W
W
 C
K
 o
 z
r-DC7^ ^
I ,i1
 J
J
J
-J
	
-
•JJJLLC
L -J
 -J
J
	
a
-JJCLLA-
LDW
R
M
 M
 C
:) G
) iM
I O
 O
 1 11
 0
 0
 
I
n -
 
1 14
 L
r, 0
'm
 
-
-) In
 r 
' D
 
a) (Z
 O
 -, C
 1) a) Q
 'M
 17
1
 
-D
 O
 I J
 Cl)
	
la
F- I _ co T
	
ICJ O
 ip O
 —
 
,j 
r) I
,
J
 r:l 
"7 !D
 r_ w
 (m
 if 1
m
 ^
 r*1 R
•
 r: )
 
'7
 L
(7 ID
 
r
 
r
o
 T
 r
m
 71
	
'T
T
 I D
 
0
 0
 —
 —
 1
-'
,D
 m
 19
 
r
 D
 ( 0
 a
' 0
 0
 1
m
 11- 1 Im
 O
 O
 0
 0
 0
 
IC
J 0
 
-M
 0
 
C
) 1M
l 1
D
 I`J
 -+
 Q
1
 W
r, (^ rt r^ N N CO CO 170 Cr1 00 CO 00 CO (J_, ID 0.) o 00 Co 0) 71 71 7 71 7 71 71 7t IT Cl O1 01
	
Ci
'078 
70"-5 
7 80 
70~O 
,i Hi 
("12,] 
80QO 
80\32 
8005 
801,0 
8020 
802~ 
8 25 
8830 
80..JO 
8060 
8(;;"0 
808i' 
803e 
80~O 
9000 
9i310 
9020 
90-::0 
90;5 
%41) 
9050 
9060 
9.)70 
91):;u 
~;090 
910;) 
999=' 
REt·it l i 
,:;0503 5:? 10 
G05UEl 53iiO 
LET Y=Y+JS 
LET X=X+J6 
GIJTO S 1::0 
RETURN 
LET 
LET 
LET 
LET 
LET 
ET F2=;.:i2l G:-J6) r·2+n'- i5l 1.!:1 
LET E8=ATIIC:>f2) , 'C 
F'FdIH "FRGt'1 FP5-ii; SITE" 
PR !tiT "A::>"F : "EL" "E8.: ·RAt~GE = "11/5076 , l: "LOSS ="T 
LET X=:-{/J:!' 
LET ,),=I'/J2 
RETURN 
LET X=)<*J2 
LET Y=Y*J2 
LET F3= Ct=!TllC (Y-3._. 
IF :;)0 THE:I '9C48 
LET F3=!;=,GtlW)'H 180-A5S(F3)) 
IF ABS(F3) (= ABS(U) THEN 9391 
pp ItIT 'OUTS IDE I1LS COVEP.AGE :ONE' 
LET X=X/J2 
LET '1'='1'/12 
PETUi=JI 
PR:1l1 • !l'E,lr=. 111..5 [OVE?~.JE :u\.E" 
GO"'O 905.=1 
EllD 
I	 Repwt No
NASA TM 72
2	 Government Accession No. 2, Recipients Cataing No,
4
	 Title and Subtitle S Revert Dale
AIRBORNE ANTENNA COVERAGE REQUIREMENTS FOR THE _- Jo;jjary 1978
TCV B-737 AIRCRAFT 6	 Performing Organuabon Code
7	 Authorls) 8	 Perform nq O r gamtatron Report No
WILLIAM A.	 SOUTHALL,	 JR.
WILLIAM F. WHITE
10	 Work Unit No
9	 Perform,ngOr 9an ration Nurse and Addreu
NASA LANGLEY RESEARCH CENTER 11.	 Contract or Grant No
HAMPTON, VA	 23665
13	 Type of Report and Period Covered
Technical Memorandum 
12	 %x ) n sonny A yencv ^carne and Address
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
14	 $tan srrnnq Agency Code
WASHINGTON, DC	 20546
15	 Supplementary Notes
16	 Abstract
A computer analysis was performed for the TCV B-737 following some specific flight
paths	 to determine the azimuth and elevation look angles to three ground antenna
sites	 at Wallops	 Flight Center.	 The results provided the airborne antenna deign
group with volumetric coverage data required during the performance of Microwave
Landing System and Cockpit Display of Traffic Information experiments.
ORIGIN AL PAGE IS
OF POOR QUAUM
17	 Key Words (5,,99ested by Author)sl) 18 O-stribution Statement
Airborne Antennas
UNCLASSIFIED - UNLIMITED
19	 Security	 C1816,f
	
10f this reportl 20	 Security Ciass,f 	 lo} this page) 21	 No	 of Pages 22	 Pr tt'
UNCLASSIFIED UNCLASSIFIED 34 $4.00
For sale by the National Technical Information Service Springlield Virginia 22161
r7~--~----------------'1~~--------------------~--------------------~ I eport   OYtr tf1t e Ion  3 A Iplent '. .tall)Q  
C:J\ M A647 
.. ,ll ••  t I  
RBOR   I F  T  
CV   
7 t rI.1 
I . LL, . 
5, Rt O' t 
r- .. J D'J r 1 .7-X.- ___ ~ 
 erfor I g  lllll()l\  
A rrtfur , 'l 0, n'l lIon  flOrt o 
I IAM . HI  
I---------------------------~ 10 \\10(. UnIt 0 
 rio< I 9 r .n" olt lO  .m. ,nd . ", 
A Y  
,    
O  UTI MINI R TI  
ASHI ,   
 StrlCt 
- - -------1 
 ontrolc t r " t , 
i l emorandum 
- -14 ')pof1wr.nq 9I'  .od  
 put l S as er f r t T  -  low n  ecifi t 
t   erm t l t  oo  t t r t  
it  t a l  l t enter. lt  ded he irborne an enna de~;  
 i l etri er at r i  r  t r rm f icr a  
i  em ockpit ispl  f ra fi  orm t peri ents. 
 e . (Suggftted y tho«.11 
ir r ntennas 
9 ,.ty 0 ••• , lot ,s r, Oftl 
NCLA SIFI  
RI IN   IB 
OF POO Il1'I 
CLA SIFI - NLI I  
0. Ity CIan I' lo f thIS PlIJI I 1 o f Pages n Pr,e,' 
NCLA SIFI   .  
• Of b t tI n T I InfOf atl rv Spri f i l  Virginia 2210\ 
